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PREFACE. 


Tjik last, or fifili edition of this work, was piihli.^lied in 
Fehruarv 18o5, so tliat nearly ten years have since elai)sed. 
1 have allowed it to remain several years out of ])rint, ha\iii^ 
been much occupied in travellinj^ throii}>;li various j)arts of 
l^jurope, and latterly in writinjr my “ Geological Kvidcnecs of 
the Anti(piity of Man,” as well as the appendices to the 
S(‘(‘ond ajid third editions of that treatise. In tlie inter\al 
since I have ])ul)li.'-hed several supplements to the Ele- 
ments,” tlie contents of Avhich are now incorporated in this 
nork. Idiis and other new matter, illustrated l)y more than 
oO n(‘w woodcuts, has added 130 pages to the \oimne, which 
has thus t)utgrown the dimensions usually assigned to a 
Manual. I have, thertdore, restored to the hook its original 
title of The Ehmieiits of Geology,” under which name it 

lirst appeared in 183S, when it consisted of an evpansion i»f 
the fourth hook of my “ Principles of Geology," which had 
at that time reached a fifth edition. 

The “ Elements” were successively re-edited, and in each 
case to a great extent recast, in the years 1842, ISol, IS, >2, 
and lS0i5. On former occasions i have given a list of the 
principal corrections and additions in which each new edition 
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differed from its predecessor, but I shall not attempt to offer 
ihe reader such a summary in the present case, fearing that 
that would prove tediously long.* 

A full index is given in this as in former editions, and 
the student will observe that all the organic remains of whicli 
there arc woodcut figures in the text are printed in italics 
in the index. 

CHARLES LYELL. 


53 IlAnrEY Street, London: 
Dec. 20, 1864. 


* As it is impossible to enable the reader to recognize rocks and minerals at 
sight by aid of verbal descriptions or figures, he will do well to obtain a well- 
arranged collection of specimens, such as may be procured from Mr. Tennant 
(149 Strand), teacher of Mineralogy at King’s College, London. 
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CHAPTER I. 

ON THE DIFPEKENT CLASSES OP ROCKS. 

Geology defined — Successive formation of the earth's crust— Classification of rocks 
according to their origin and age— Aqueous rocks— Their stratification and im- 
bedded fossils— Volcanic rocks, with and without cones and craters— Plutonic 
rocks, and their relation to the volcanic— Mctamorphic roc^, and their probable 
origin— The term primitive, why erroneously applied to the crystalline formations 
-Leading division of the worL 

Of what materials is the earth composed, and in what manner are 
these materials arranged ? These are the first inquiries with which 
Geology is occupied, a science which derives its name from the Greek 
ge^ the earth, and Xoyoc, logos^ a discourse. Previously to experience 
wc might have imagined that investigations of this kind would relate 
exclusively to the mineral kingdom, and to the various rocks, soils, 
and metals, which occur upon the surface of the earth, or at various 
depths beneath' it. But, in pursuing such researches, we soon find 
ourselves led on to consider the successive changes which have taken 
place in the former state of the earth^s surface and interior, and the 
causes which have given rise to these changes ; and, what is still 
more singular and unexpected, we soon become engaged in researches 
into tlie history of the animate creation, or of the various tribes qf 
animals and i)lants which have, at different periods 'of the past, in- 
habited the globe. 

All are aware that tlie solid parts of the earth consist of distinct 
substances, such as clay, chalk, sand, limestone, coal, slate, granite, 
and the like ; but previously to observation it is commonly imagined 
that all tliese had remained from the first in the state in which we 
now see them,— that they were created in their present form, and in 
their present position. The geologist soon comes to a different con- 
clusion, discovering proofs that the external parts of the eorth were 
not all produced in the beginning of things in the state in which we 
now behold them, nor in an instant of time. On the contrary, Ik* 
can show that they have acquired their actual configuration and con- 
dition gradually, under a great variety of circumstances, and at suc- 
cessive periods, 'during each of which distinct races of living beings 

B 
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have flourished on the land and in the waters, the remains of these 
creatures still lying buried in the crust of the earth. 

By the “earth’s crust,” is meant that small portion of the e^cterior 
of our planet which is accessible to human observation, or on which 
^ we are enabled to reason by observations made at or near the surface. 
These reasonings may extend to a depth of several miles, perhaps ten 
miles ; and even then it may be said, that such a thickness is no 
more than part of the distance from the surface to the centi;^. 
The remark is just; but although the dimensions of such a crust are, 
in truth, insignifleant when compared to the entire globe, yet they 
are vast, and of magnificent extent in relation to man, and to the or- 
ganic beings which people our globe. Referring to this standard of 
magnitude, the geologist may admire the ample limits of his domain, 
and admit, at the same time, that not only the exlerior of the planet, 
but the entire earth, is but an atom in the midst of the countless 
worlds surveyed by the astronomer. 

The materials of this crust are not thrown together confusedly ; 
but distinct mineral masses, called rocks, are found to occupy definite 
spaces, and to exhibit a certain order of arrangement. The term 
rock is applied indifferently by geologists to all these substances, 
whether they be soft or stony, for clay and sand are included in the 
tei*m, and some have even brought peat under this denomination. 
Our older writers endeavoured to avoid offering such violence to our 
language, by speaking of the component materials of the earth as 
consisting of rocks and soils. But there is often so insensible a pas- 
sage from a soft and incoherent state to that of stone, that geologists 
of all countries have found it indispensable to have one technical 
term to include both, and in this sense wo find rocke applied in 
French, rocca in Italian, and f chart in German. The beginner^ 
however, must constantly bear in mind, that the term rock by no 
means implies that a mineral mass is in an indurated or stony con- 
dition. 

The most natural and convenient mode of classifying the various 
rocks which compose the earth’s crust, is to refer, in the first place, 
to their origin, and in the second to their relative age.. I shall 
therefore begin by endeavouring briefly to explain to the student 
how all rocks may be divided into four great classes by reference to 
their different origin, or, in other words, by reference to the different 
circumstances and causes by which they have been produced. 

The first two divisions, which will at once be understood as natural, 
are the aqueous and volcanic, or the products of watery and those of 
igneous action at or near the surface. 

Aqueous rocks , — The aqueous rocks, sometimes called the sedi- 
mentary, or fossiliferous, cover a larger ])art of the earth’s surface 
than any others. These rocks are stratified^ or divided into distinct 
layers, or strata. The term stratum means simply a bed, or any 
thing spread out or strewed over a given surface ; and we infer that 
these strata have been generally spread out by the action of water, 
from what we daily sec taking place near the mouths' of rivers, or on 
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the land during temporary inundations. For, whenever a running 
stream charged with mud or sand, has its velocity checked, as when 
it enters a lake or sea, or overflows a plain, the sediment, previously 
* held in suspension by the motion of the water, sinks, by its own 
gravity, to the bottom. In this manner layers of mud and sand are 
thrown down one upon another. 

^f we drain a lake which has been fed by a small stream, we fre- 
quently find at the bottom a series of deposits, disposed with consi- 
derable regularity, one above the other ; the uppermost, perhaps, may 
be a stratum Of peat, next below a more dense and solid variety of 
the same niateriaTr^ill lower a bed of shell-marl, alternating with 
peat or sand, and then other beds of marl, divided by layers of clay. 
Now, if a second pit be sunk through the same continuous lacustrine 
Jormalio% at some distance from the first, nearly the same series of 
beds is commonly met with, yet with slight variations ; some, for ex- 
ample, of the' layers of sand, clay, or marl, may be wanting, one or 
more of them having thinned out and given place to others, or some- 
times one of the masses first examined is observed to increase in 
thickness to the exclusion of other beds. 

The term “/orma/ww,” which I have used in the above explana- 
tion, expresses in geology any assemblage of rocks which have some 
character in common, whether of origin, age, or composition. Thus 
we speak of stratified and unstratified, freshwater and marine, aqueous 
and volcanic, ancient and modern, metalliferous and non-metallifer- 
ous formations. 

In the estuaries of large rivers, such as the Ganges and the Missis- 
sippi, we may observe, at low water, phenomena analogous to those 
of the drained lakes above mentioned, but on a grander scale, and 
extending over areas several hundred miles in length and breadth. 
When tlKj periodical inundations subside, the river hollows out a 
channel to the depth of many yards through horizontal beds of clay 
and sand, the ends of which are seen exposed in perpendicular clifis. 
These beds vary in tlieir mineral composition, or colour, or in the 
fineness or coarseness of their particles, and some of them are occa- 
sionally characterized by containing drift wood. At the junction of 
the river and the sea, especially in lagoons nearly separated by sand 
bars from the ocean, dej)osit3 are often formed in which brackish- 
water and salt-water shells arc included. 

lu Kgypt, where the Nile is always adding to its delta by filling 
up part of the Mediterranean with mud, the newly deposited sedi- 
ment is straiijiedt the thin layer thrown down in one season differing 
slightly in colour from that of a previous year, and being separable 
from it, as has been observed in excavations at Cairo, and other places.* 

When beds of sand, clay, and marl, containing shells and vegetablo 
matter, are found arranged in a similar manner in the interior of the 
earth, wo ascribe to them a similar origin; and the more we examine 
their characters in minute detail, the more exact do we find the re- 
semblance. Thus, for example, at various heights and depths in the 

* See Priociples of Geologjr, by the Author, Index, “Nile,” “Rivers,” &c. 
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earth, and often far from seas, lakes, and rivers, we meet with layers 
of rounded pebbles composed of dint, limestone, granite, or other rocks, 
resembling the shingles of a sea-bcach or the gravel in a torrent’s bed. 
Such layers of pebbles frequently alternate with others formed^ 
of sand or fine sediment, just as we may see in the channel of a river 
descending from hills bordering a coast, where the current sweeps 
down at one season coarse sand and gravel, while at another, wUin 
the waters are low and less rapid, fine mud and sand alone ai^ 
carried seaward.* 

’< if a stratified arrangement, and the rounded form of pebbles, arc 
alone sufiicient to lead us to the conclusion that certain rocks origi- 
nated under water, this opinion is farther confirmed by the distinct 
and independent evidence of fossils^ so abundantly included in the 
earth’s crust. By a fossil is meant any body, or the traces of the 
existence of any body, whether animal or vegetable, which has been 
buried in the earth by natural causes. Now the remains of animals, 
especially. of aquatic species, are found almost everywhere imbedded, 
in stratified rocks, and sometimes, in the case of limestone, they are 
in such abundance as to constitute the entire mass of the rock itself. 
Shells and corals are the most frequent, and with them arc often 
associated the bones and teeth of fishes, fragments of wood, im- 
pressions of leaves, and other organic substances. Fossil shells, of 
forms such as now abound in the sea, are met with far inland, both 
near the surface, and at great depths below it. They occur at all 
heights above the level of the ocean, having been observed at eleva- 
tions of more than 8000 feet in the Pyrenees, 10,000 in the Alps, 
13,000 in the Andes, and above 18,000 feet in the Himalaya.f | 

These shells belong mostly to marine testaoea, but in some ptaces 
exclusively to forms characteristic of lakes and rivers. Hence it is 
concluded that some ancient strata were deposited at the bottom of 
the sea, and others in lakes and estuaries. 

When geology was first cultivated, it was a general belief, that 
these marine shells and other fossils were the efifects and proofs of 
the deluge of Noah; but all who have carefully investigated the 
phenomena have long rejected this doctrine. A transient fiood 
migiit be supposed to leave behind it, here and there upon the surface, 
scattered heaps of mud, sand, and shing'<), with shells confusedly in- 
termixed ; but the strata containing fossils are not superficial depo- 
sits, and do not simpfy cover the earth, but constitute the entire mass 
of mountains. Nor are the fossils mingled without reference to the 
original habits and natures of the creatures of which they are the 
memorials ; those, for example, being found associated together which 
lived in deep or in shallow water, near the shore or far from it^ in 
brackish or in salt water. 

It has, moreover, been a favourite notion of some modern writers, 
who were aware that fossil bodies could not all be referred to the 
deluge, that they, and the strata in which they are entombed, might 

• See p. 18. fig. 7. 

t CoL R. J. Strachey found oolitic fossils 18,400 feet high in the Himalaya* 



YOLCANZC BOCS8» 


Ob.L] 


6 


have been deposited in the bed of the ocean during the period which 
intervened between the creation of man and the deluge. They have 
imagined that the antediluvian bed of the ocean, after having been 
the receptacle of many stratified deposits, became converted, at the 
time of the flood, into the lands which we inhabit, and that the 
ancient continents were at the same time submerged, and became the 
bed of the present seas. This hypothesis, although preferable to the 
diluvial theory before alluded to, since it admits that all fossiliferous 
strata were successively thrown down from water, is yet wholly 
inadequate to explain the repeated revolutions which the earth has 
undergone, and the signs which the existing continents exhibit, in 
most regions, of having emerged from the ocean at an era far more 
remote than four thousand years from the present time. Ample 
proofs of these reiterated revolutions will be given in the sequel, and 
it will be seen that many distinct sets of sedimentary strata, hundreds 
and sometimes thousands of feet thick, are piled one upon the other 
in the earth’s crust, each containing peculiar fossil animals and plants 
of species distinguishable for the most part from all those now 
living. The mass of some of these strata consists almost entirely of 
corals, others are made up of shells, others of plants turned into coal, 
while some arc without fossils. In one set of strata the species of 
fossils arc marine; in another, lying immediately above or below, 
they as clearly prove that the deposit was formed in a lake or in a 
brackish estuary. When the student has more fully examined into 
these appearances, he will become convinced that the time required 
for the origin of the rocks composing the actual continents must 
have been far greater than that whicli is conceded by the theory 
above alluded to; and likewise that no one universal or sudden 
conversion of sea into land will account for geological appearances. 

We have now pointed out one great class of rocks, which, however 
they may vary in mineral composition, colour, grain, or other cha- 
racters, external and internal, may nevertheless be grouped together 
as having a common origin. They have all been formed under water, 
in the same manner as modern accumulations of sand, mud, shingle, 
banks of shells, reefs of coral, and the like, and are all characterised 
by stratification or fossils, or by both. 

Volcanic rocks , — The division of rocks which we may next con- 
sider are the volcanic, or those which have been produced at or near 
the surface whether in ancient or modern times, not by water, but by 
the action of fire or subterranean heat. These rocks are for the 
most part unstratifled, and are devoid of fossils. They are more par- 
tially distributed than aqueous formations, at least in respect to hori- 
zontal extension. Among those parts of Europe where they exhibit 
characters not to be mistaken, I may mention not only Sicily and the 
country round Naples, but Auvergne, Velay, and Vivarais, now the 
dejpartments of Puy de Dome, Haute Loire, and Ardeche, towards 
the centre and south of France, in wliich are several hundred conical 
hills having the forms of modern volcanos, with craters more or le^ss 
perfect on many of their summits^ These cones are composed more- 
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over of lava, sand, and ashes, similar to those of active volcanas. 
Streams of lava may sometimes be traced from the cones into the 
adjoining^ valleys^ where they have choked up the ancient channels of 
rivers with solid rock, in the same manner as some modcsn dows of 
lava in Iceland have been known to do; tlie rivers eitJier flowing 
beneath or cutting out a narrow passage on one side of the lava. 
Although none of these French volcanos liave been in activity witliin 
the period of history or tradition, their forms are often very perfec;/;. 
iSome, however, have been compared to the mere skeletons of vol- 
canos, the rains and torrents having washed their sides, and removed 
all the loose sand and scorisa, leaving only the harder and more solid 
materials. By this erosion, and by earthquakes, their internal struc- 
ture has occasionally been laid open to view, in fissures and ravines ; 
and we then behold not only many successive beds and masses of 
porous lava, sand, and scoriae, but also perpendicular walls, or dikes, 
as tliey are called, of volcanic rock, which have burst through the 
other materials. Such dikes are also observed in the structure of 
Vesuvius, Etna, and other active volcanos. They have been formed 
by the pouring of melted matter, whether from above or below, into 
open fissures, and they commonly traverse deposits of volcanic tuff, 
a substance produced by the showering down from the air, or in- 
cumbent waters, of sand and cinders, first shot up from the interior 
of the earth by the explosions of volcanic gases. 

Besides the parts of France above alluded to, there are other 
countries, as the north of Spain, the south of Sicily, the Tuscan 
territory of Italy, the lower Ehenish provinces, and Hungary, where 
spent volcanos may be seen, still preserving in many cases a conical 
form, and liaving craters and often lava-streams connected with them. 

There are also other rocks in England, Scotland, Ireland, and 
almost every country in Europe, which we infer to be of igneous 
origin, although they do not form hills with cones and craters. Thu;', 
for example, we feel assured that the rock of Stafla, and that of the 
Giant’s Causeway, called basalt, is volcanic, because it agrees in its 
columnar structure and mineral composition with streams of lava 
which we know to have flowed from the craters of volcanos. We 
find also similar basaltic and other igneous rocks associated with 
beds of tuff in various parts of the Brit* Isles, and forming dikes, 
such as have been spoken of; and some of the strata through which 
these dikes cut are occasionally altered at the point of contact, as if 
they had been exposed to the intense heat of melted matter. 

The absence of cones and craters, and long narrow streams of 
superficial lava, in England and man / other countries, is principally 
to be attributed to the eruptions having been submarine, just as a 
considerable proportion of volcanos in our own times burst out 
bene&t]k'1;he sea. But this question must be enlarged upon more 
in the chapters on Igneous Bocks, in which it will also be 
,ebO^, that as different sedimentary formations, containing each 
'their characteristic fossils, have been deposited at successive periods, 
fo also volcanic sand and scorim ^ave been thrown out, and lavas 
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have flowed over th6 land or bed of the sea, at maiij different epochs^ 
or have been injected into Assures ; so that the igneous as well as 
the aqueous rocks majr be classed as a dironological series of monu- 
ments, throwing light on a succession of events in the history of the 
earth. 

Plutonic rocks (Granite, &c.). — We have now pointed out the 
existence of tito distinct orders of mineral masses, the aqueous and 
tbo volcanic : but if we examine a large portion of a continent, 
especially if It contain within it a lofty mountain range, we rarely fail 
to discover two other classes of rocks, very distinct from either of. 
those above alluded to, and .which we can neither assimilate to de- 
posits such as are now accumulated in lakes or seas, nor to those 
g(?nerated by ordinary volcanic action. The members of*both these 
divisions of rocks agree in being highly crystalline and destitute of 
organic remains. The rocks of one division have been called plu- 
tonic, comprehending all the granites and certain porphyries, which 
are nearly allied in some of their characters to volcanic formations. 
'I'he members of the other class are stratified and often slaty, and 
have been called by some the crystalline schists^ in which group are 
included gneiss, micaceous-schist (or mica-slate), hornblende-schist, 
statuary marble, the flner kinds of roofing slate, and other rocks 
afterwards to be described. 

As it is admitted that nothing strictly analogous to these crystalline 
productions can now be seen in the progress of formation on the 
earth’s surface, it will naturally bo asked, on what data we can And 
a place for them in a system of classification founded on the origin of 
rocks. I cannot, in reply to this question, pretend to give the 
student, in a few words, an intelligible account of the long chain of 
facts and reasonings by which geologists have been led to infer tlie 
analogy of the rocks in question to others now in progress at the 
surface. The result, however, may be briefly stated. All the various 
kinds of granite which constitute the pi u tonic family, are supposed 
to be of igneous or aqueo-igneous origin, and to have been formed 
under great pressure, at a considerable depth in the earth, or 
sometimes, perhaps under a certain weight of incumbent ocean. 
Like the lava of volcanos, they have been melted, and afterwards 
cooled and crystallised, but with extreme slowness, and under condi- 
tions very different from those of bodies cooling in the open air. 
Hence they differ from the volcanic rocks, not only by their moi*e 
crystalline texture, but also by the absence of tuffs and breccias, 
which are the products of eruptions at the earth’s surface, or beneath 
sens of inconsiderable depth. They differ also by the absence of 
pores or cellular cavities, to which the expansion of the entangled 
gases gives rise in ordinary lava. 

Although granite has often pierced through other strata, it has 
rarely, if ever, been observed to rest upon them, as if it had over- 
flowed. But as this is continually the case with the volcanic rocks, 
they have been styled, from this peculiarity. “ overlying ” by Dr. Mac 
Culloch ; and Mr. Necker has proposed the term ‘‘ underlying ** for 



METAMORFHIC ROCKS. 


8 


[Cb. L 


the granites, to designate the opposite mode ih which they almost 
invariably present themselves. 

Metamorphicy or stratified crystalline rocks.— The fourth and last 
great division of rocks are the crystalline strata and slates^ or schists, 
called gneiss, mica-schist, clay-slate, chlorite-schist, marble, and the 
like, the origin of which is more doubtful than that of the other three 
classes. They contain no pebbles, or sand, or scotice, or angular 
pieces of imbedded stone, and no traces of organic bodies, and thpy 
are often as crystalline as granite, yet are divided into beds, corre- 
sponding in ibrm and arrangement to those of sedimentary formations, 
and are therefore said to be stratified. The beds sometimes consist 
of an alternation of substances varying in colour, composition, and 
thickness, precisely as we see in stratified fossiliferous deposits. Ac- 
cording to the Huttonian theory, which I adopt as the most probable, 
and which will be afterwards more fully explained, the materials of 
these strata were originally deposited from water in the usual form 
of sediment, but they were subsequently so altered by subterranean 
heat, as to assume a new texture. It is demonstrable, in some cases 
at least, that such a complete conversion has actually taken place, 
fossiliferous strata having exchanged an earthy for a highly crys- 
talline texture for a distance of a quarter of a mile from their contact 
with granite. In some cases, dark limestones, replete with shells and 
corals, have been turned into white statuary marble, and hard clays, 
containing vegetable or other remains, into slates called mica-schist 
or hornblende-schist, every vestige of the organic bodies having been 
obliterated. 

Although we arc in a great degree ignorant of the precise nature 
of the influence exerted in these cases, yet it evidently bears some 
analogy to that which volcanic heat and gases are known to pro- 
duce ; and the action may be conveniently called plutonic, because it 
appears to have been developed in those regions where plutonic 
rocks are generated, and under similar circumstances of pressure and 
depth in the earth. How far hot water or steam permeating stra- 
tified masses under great pressure has co-operated to produce the 
crystalline texture, may be matter of speculation, but it is clear 
that the plutonic influence has sometimes pervaded entire mountain 
masses of strata. 

In accordance with the hypothesis above alluded to, I proposed in 
the first edition of the Principles of Geology (1833), the term 
“ Metamorphic ” for the altered strata, a term derived from /icra, 
meta, tranSy and morphe, ybrma. 

Hence there are four great classes of rocks considered in reference 
to their origin, — the aqueous, the volcanic, the plutonic, and the 
metamorphic. In the course of this work it will be shown, that 

£ ns of each of these four distinct classes have originated at 
successive periods. They have all been produced contem- 
3 ously, and may even now be in the progress of formation on a 
large scale. It is not true, as was formerly supposed, that all granites, 
logether with the crystalline or metamorphic strata, were first formed, 
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and therefore entitled to be called priAiitive/’ and that the aqueous 
and volcanic rocks were afterwards super-imposed, and should, there- 
fore, rank as secondary in the order of time. This idea was adopted 
in the infancy of the science, when all formations, wliether stratified 
or unstratified, earthy or crystalline, with or without fossils, were 
alike regarded as of aqueous origin. At that period it was naturally 
argued, that the foundation must be older than the superstructure ; 
biU it was afterwards discovered, that this opinion was by no means 
in every instance a legitimate deduction from facts ; for the inferior 
parts of the earth’s crust have often been modified, and even entirely 
changed, by the influence of volcanic and other subterranean causes, 
while super-imposed formations have not been in the slightest degree 
altered. In otlier words, the destroying and renovating processes 
have given birth to new rocks below, while those above, whether 
crystalline or fossiliferous, have remained in their ancient condition. 
Even in cities, such as Venice and Amsterdam, it cannot be laid 
down as universally true, that the upper parts of each edifice, whether 
of brick or marble, are more modern than the foundations on which 
they rest, for these often consist of wooden piles, which may have 
rotted and been replaced one after the other, without the least injury 
to the buildings above ; meanwhile, these may have required scarcely 
any repair, and may have been constantly inhabited. So it is with the 
habitable surface of our globe, in its relation to large masses of rock 
immediately below : it may continue the same for ages, while sub- 
jacent materials, at a great depth, are passing from a solid to a fiuid 
state, and then reconsolidating, so as to acquire a new texture. 

As* all the crystalline rocks may, in some respects, be viewed as 
belonging to one great family, whether they be stratified or un- 
stratified, metamorphic or plutonic, it will often bo convenient to 
speak of them by one common name. It being now ascertained, as 
above stated, that they are of very differeiit ages, sometimes newer 
than the strata called secondary, the terms primitive and primary 
which were formerly used for the whole must be abandoned, as they 
would imply a manifest contradiction. It is indispensable, therefore, 
to find a new name, one which must not be of chronological import,, 
and roust express, on the one hand, some peculiarity equally attribu- 
table to granite and gneiss (to the plutonic as well as the altered 
rocks), and, on the other, must have reference to characters in which 
those rocks differ, both from the volcanic and from the unaltered 
sedimentary strata. I proposed in the Principles of Geology (first 
edition, vol. iii.), the term “hypogene” for this purpose, derived from 
vTTo, under y and ytvo/uai, to 6c, or to he horn ; a word implying the 
theory that granite, gneiss, and the other crystalline formations are 
alike netherformed rocks, or rocks which have not assumed their 
present form and structure at the surface. They occupy the lowest 
place in the order of superposition. Even in regions such as the Alps, 
where some masses of granite and gneiss can be shown to be of com- 
paratively modern date, belonging, for example, to the period here- 
lifter to be described as tertiary, they are still underlying rocks. 
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They never repose on the volcanic or trappean formations, nor on 
strata containing organic remains. They are hypogene^ as being 
under ’* all the rest. 

From what has now been said, the reader will understand that 
each of the four great classes of rocks may be studied under two 
distinct points of view ; first, they may be studied simply as mineral 
masses deriving their origin from particular causes, and having a 
certain composition, form, and position in the earth’s crust, or ot^er 
characters both positive and negative, such as the presence or absence 
of organic remains. In the second place, the rocks of each class may 
be viewed as a grand chronological series of monuments, attesting a 
succession of events in the former history of the globe and its living 
inhabitants. 

1 shall accordingly proceed to treat of each family of rocks ; first, 
in reference to those characters which are not chronological, and then 
in particular relation to the several periods when they were formed. 


CHAPTER II. 

AQUEOUS ROCKS — THEIR COMPOSITION AND FORMS OP STRATIFI- 
CATION. 

Mineral composition of strata— Arenaceous rocks — Argillaceous — Calcareous— 
Gypsum — Forms of stratification — Original horizontality — Thinning out — Dia- 
gonal arrangement — Ripple mark. 

In pursuance of the arrangement explained in the last chapter, we 
shall begin by examining the aqueous or sedimentary rocks, which 
arc for the most part distinctly stratified, and contain fossils. We 
may first study them with reference to their mineral composition, 
external appearance, position, mode of origin, organic contents, and 
other characters which belong to them as aqueous formations, inde- 
pendently of their age, and we may afterwards consider them chrono- 
logically or with reference to the successive geological periods when 
they originated. 

I have already given an outline of the data which led to the belief 
that the stratified and fossiliferous rocks were originally deposited 
under water; but, before entering into a more detailed investigation, 
it will be desirable to say something of the ordinary materials of which 
such strata are composed. These ixuty be said to belong principally 
to three divisions, the arenaceous,, the argillaceous, and the calca- 
reotfs, which are formed rSpectively of sanST^clay, and carbonafe.of 
Of these, the arenaceous, or sandy masses, are chiefly made 
l|p of siliceous or flinty grains; the argillaceous, 0|r clayey, of a 
mixture of siliceous matter, with a certain proportion, about a fourth 
' in weight, of aluminous earth ; and, lastly, the calcareous stocks or 

Bmestones consist of carbonic acid and lime. 

. 
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Arenaceous or siliceous rocks, To speak first of the sandy divi- 
sion: beds of loose sand are frequently met with, of which the grains 
consist entirely of silex, which term comprehends all purely siliceous 
minerals, as quartz and common flint. Quartz is silex in its purest 
form. Flint usually contains some admixturebf alumina and oxide of 
iron. The siliceous grains in sand are usually rdunded, as if by the 
action of running water# Sandstone is an aggregate of such grains, 
which often cohere together without any visible cement, but more 
commonly are bound together by a slight quantity of siliceous or 
calcareous matter, or by oxide of iron or clay. 

Pure siliceous rocks may be known by not, effervescing when a 
* drop of nitric, sulphuric or other acid is applied to them, or by the 
grains not being readily scratched or broken by ordinary pressure. 
In nature there is every intermediate gradation, from perfectly loose 
» sand, to the hardest sandstone. In micaceous sandstones mica is 
very abundant ; and the thin silvery plates into which that mineral 
divides, are often arranged in layers parallel to the planes of strati- 
fleation, giving a slaty or laminated texture to the rock. 

When sandstone is coarse-grained, it is usually called grit, the • 
grains are rounded, and large enough to be called pebbles, it bbeomes 
a conglomerate pudding-stone^ which may consist of pieces of one 
or of many different kinds of rock. A conglomerate, therefore, is 
simply gravel bound together by a cement. 

Argillaceous rocks, — Clay, strictly speaking, is a mixture of silex 
or flint with a large proportion, usually about one fourth, of alumina, 
or argil ; but in common language, any earth which possesses suffi- 
cient ductility, when kneaded up with water, to be fashioned like 
paste by the hand, or by the potter’s lathe, is called a clay; and §uch 
clays vary greatly in their composition, and are, in general, nothing 
moro than mud derived from the decomposition or wearing down of 
rocks. The purest clay found in nature is porcelain clay, or kaolin, 
which results from the decomposition of a rock composed of felspar 
and quartz, and it is almost always mixed with quartz.* Shale has 
also the property, like clay, of becoming plastic in water: it is a-more 
solid form of clay, or argillaceous matter, condensed by pressure. It 
always divides into laminas more or less regular. 

One general character of all argillaceous rocks is to give out a j 
peculiar, earthy odour when breathed upon, which is a test of the < 
presence of alumine, although it does hot belong to pure alumine, j 
but, apparently, to the combination of that substance with oxide of 
iron.t 

Calcareous rocks, — This division comprehends those rocks which, 
like chalk, are composed chiefly of lime and carbonic acid. Shells 
and corals are also formed of the, same elements, with the addition 

* The kaolin of China consists of 71 * 1 5 nearly equal parts of silica and alumine, 

S orts of silex, 16-86 of alumine, 1-92 of with 1 per cent, of magnesia. (Phil. 

mo, and 6*73 of water (W. Phillips, Meg. vol. x. 1837.) 

Mineralogy, p, 83.); but other porcelain f See W. Phillips’s Mineralogy, “ Alu- 
clays differ materially, that of Cornwall mine,” 
being composed, according to Boose, of 
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of animal matter. To obtain pure lime it is necessary to calcine 
these calcareous substances, that is to say, to expose them to heat of 
sufficient intensity to drive ofi* the carbonic acid, and other volatile 
matter. White chalk is sometimes pure carbonate of lime ; and this 
rock, although usually in a soft and earthy state, is occasionally 
sufficiently solid to be used for building, and even passes into a 
compact stone, or a stone of which the sepiirate parts arc so minute 
as not to bo distinguishable from each other by the naked eye. ^ 

( ' Many limestones are made up entirely of minute fragments of 
shells and coral, or of calcareous sand cemented together. These 
last might be called calcareous sandstones ; ” but that term is more 
properly applied to a rock in which the grains are partly calcareous 
and partly siliceous, or to quartzose sandstones, having a cement of 
carbonate of lime. 

The variety of limestone called “ oolite ” is composed of numerous 
small egg-like grains, resembling the roe of a fish, each of which has 
usually a small fragment of sand as a nucleus, around which con- 
centric layers of calcareous matter have accumulated. 

Any limestone which is sufficiently hard to take a fine polish is 
called marble. Many of these are fossiliferous ; but statuary marble, 
which is also called saccharoid limestone, as having a texture re- 
sembling that of loaf-sugar, is devoid of fossils, and is in many cases 
a member of the luetamorpliic series. 

Siliceous limestone is an intimate mixture of carbonate of lime and 
fiint, and is harder in proportion as the fiinty matter predominates. 

The presence of carbonate of lime in a rock may be ascertained 
by applying to the surface a small drop of diluted sulphuric, nitric, 
or muriatic acids, or strong vinegar ; for the lime, having a greater 
chemical affinity for any one of these acids than for the carbonic, 
unites immediately with them to form new compounds, thereby be- 
coming a sulphate, nitrate, or muriate of lime. The carbonic acid, 
when thus liberated from its union with the lime, escapes in a gaseous 
ferm, and froths up or effervesces as it makbs its way in small bubbles 
through the drop of liquid. This cficrvescence is brisk or feeble in 
proportion as the iimestone is pure or impure, or, in other words, 
according to the quantity of foreign matter mixed with the carbonate 
of lime. Without the aid of this test, the most experienced eye 
cannot always detect the presence of carbonate of lime in rocks. 

The above-mentioned three classes of rocks, the siliceous, argil- 
laceous, and calcareous, pass continually into each other, and rarely 
occur in a perfectly separate and pure form. Thus it is an exception 
to the general rule to meet with a limeotone os pure as ordinary 
white chalk, or with clay as aluminous as that used in Cornwall for 
porcelain, or with sand so entirely composed of siliceous grains as the 
white sand of Alum Bay in the Isle of Wight, or sandstone so pure 
as the grit of Fontainebleau, used for pavement in France. More 
commonly we find sand and clay, or clay and marl, intermixed in the 
same mass. When the sand and clay are each in considerable 
quantity, the mixture is called loam. If there is much calcareous 
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matter in clay it is called marlj hxxt this term has unfortunately been 
used so vaguely, as often to be very ambiguous. It has been applied 
to substances in which there is no lime ; as, to that red loam usually 
called red marl in certain parts of England. Agriculturists were 
in the habit of calling any soil a marl, which, like true marl, fell to 
pieces readily on exposure to the air. Hence arose the confusion of 
using this name for soils which, consisting of loam, were easily 
worked by the plough, though devoid of lime. 

Marl sl^te bears the same relation to marl which shale bears to 
clay, being a calcareous shale. It is very abundant in some countries, 
. as in the Swiss Alps. Argillaceous or marly limestone is also of 
common occurrence. 

There are few other kinds of rock, which enter so largely into the 
composition of sedimentary strata as to make it necessary to dwell 
' here on their characters. I may, however, mention two others, — 
/magnesian limestone or dolomite, and gypsum. Magnesian limestone 
is composed of carbonate of lime and carbonate of magnesia; the 
proportion of the latter amounting in some cases to nearly one half. 
It effervesces much more slowly and feebly with acids than common 
limestone. In England this rock is generally of a yellowish coloui* ; 
but it varies greatly in mineralogical character, passing from an 
earthy state to a white compact stone of great hardness. Dolomite, 
so common in many parts of Germany and France, is also a variety 
of magnesian limestone, usually of a granular texture. 

Gt/psum, — Gypsum is a rock composed of sulphuric acid, lime, 
and water. It is usually a soft whitish-yellow rock, witli a texture 
resembling that of loaf-sugar, but sometimes it is entirely composed 
of lenticular crystals. It is insoluble in acids, and does not effervesce 
Hke chalk and dolomite, because it does not contain carbonic acid 
gas, or fixed .air, the lime being already combined with sulphuric 
acid, for which it has a stronger affinity than for any other. An * 
hydrous gypsum is a rare variety, into which water does not enter 
as a component part. Gypseous marl is a mixture of gypsum and 
marl. Alabaster is a granular and compact variety of gypsum found 
in masses large enough to bo used in sculpture and architecture. It 
is sometimes a pure snow-white substance, as that of Voherra in 
Tuscany, well known as being carved for works of art in Florence 
and Leghorn. It is a softer stone than marble, an^ more easily 
wrought. 

Forms of stratification ^ — A series of strata sometimes consists of 
one of the .above rocks, sometimes of two or more in alternating beds. 

Thus, in this coal districts of England, for example, we often pass 
through several beds of sandstone, some of finer, others of coarser 
grain, some white, others of a dark colour, and below these, layers 
of shale and sandstone or beds of shale, divisible into leaf-like laminae, 
and containing beautiful impressions of phants. Then again wo meet 
with beds of pure and impure coal, alternating with shales and sand- 
stones, and underneath the whole, perhaps, are calcareous strata, or 
beds of limestone, filled with corals and marine shells, each bed dis- 
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tinguisbable from another by certain fossils^ or by the abundance of 
particular species of* shells or zoophytes. 

This alternation of different kinds of rock produces the most dis- 
tinct stratification ; and wo often find beds of limestone and marl, 
conglomerate and sandstone, sand and clay, recurring again and again, 
in nearly regular order, throughout a series of many hundred strata. 
The causes which may produce these phenomena are various, and 
have been fully discussed in ray treatise on the modern changes of 
the earth’s surfiice. * It is there seen that rivers flowing into lakes 
and seas are charged with sediment, varying in quantity, composition, 
colour, and grain according to the seasons ; the waters are sometimes . 
flooded and rapid, at other periods low and feeble ; different tribu- 
taries, also, draining peculiar countries and soils, and therefore 
charged with peculiar sediment, are swollen at distinct periods. It 
was also shown that the waves of the sea and currents undermine the 
cliffs during wintry storms, and sweep away the materials into the 
deep, after which a season of tranquillity succeeds, when nothing but 
the finest mud is spread by the movements of the ocean over the 
same submarine area. 

It is not the jbject of the present work to give a description of 
these operations, repeated as they are, year after year, and century 
after century ; but I may suggest an explanation of the manner in 
which some micaceous sandstones have originated, namely, those in 
which we see innumerable thin layers of mica dividing layers of fine 
quartzose sand. I observed the same arrangement of materials in 
recent mud deposited in the estuary of La Roche St. Bernard in Brit- 
tany, at the mouth of the Loire. The surrounding rocks are of gneiss, 
which, by its waste, supplies the mud : when this dries at low water, 
it is found to consist of brown laminated clay, divided by thin scams 
of mica. The separation of the mica in this case, or in that of mica- 
ceous sandstones, may be thus understood If we take a handful of 
quartzose sand, mixed with mica, and throw it into a clear running 
stream, we see the materials immediately sorted by the water, the 
grains of quartz falling almost directly to the bottom, while the plates 
of mica take a much longer time to reach the bottom, and arc carried 
farther down the stresim. At the first instan*^ the water is turbid, but 
immediately after the flat surfaces of the plates of mica are seen all 
alone reflectir^ a silvery light, as they descend slowly, to form a dis- 
tinct micaceous lamina. The mica is the heavier mineral of the two ; 
but it remains a longer time suspended in the fluid, owing to its 
greater extent of surface. It is easy, therefore, to perceive that 
where such mud is acted upon by a river or tidal current, the thin 
plates of mica will be carried farther, and not deposited in the same 
j^laces as the grains of quartz ; and since the force and velocity of the 
stream varies from time to time, layers of mica or of sand will be 
thrown down successively on the same area. 

Original horizontality . — It is said generally that the upper and 

* Consult Index to Principles of Geology, ** Stratification,'’ "Cnrrenti,” 

“ Deltas,” “ Water,” &c. 
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under surfaces of strata, or the planes of stratiflc^iition/* are parallel. 
Although this is not strictly true, they make au approach to parallelism, 
for the same reason that sediment is usually deposited at first in nearly 
horizontal layers. Such an arrangement can by no means be attri- 
buted to an original evenness or horizontality in the bed of the sea : 
for it is ascertained that in those places where no matter has been 
recently deposited, till bottom of the ocean is ofteu as uneven as that 
of the dry land, having in like manner its hills, valleys, and ravines. 
Yet if the sea should sink, or the water be removed near the mouth 
of a large river where a delta has been forming, we should seo 
extensive plains of mud and sand laid dry, which, to the eye, would 
appear perfectly level, although, in reality, they would sloi^e gently 
from the land towards the sea. 

This tendency in ncwly-forincd strata to assume a horizontal posi- 
tion arises principally from the motion of the water, which forces 
along particles of sand or nuud at tlic bottom, and causes them to 
settle in hollows or depressions where they arc less exposed to the 
force of a current than when they are resting on elevated points. 
The velocity of the current and the motion of the superficial waves 
diminish from the surface downwards, and ai'C least in those depres- 
sions where the water is deepest. 

A good illustration of the principle here alluded to may be 
sometimes seen in the neighbourhood of a volcano, when a scctim, 
whether natural or artificial, has laid open to view a succession of 
various-coloured layers of sand and ashes, which have fallen in 
showers upon uneven ground. Tims let A B (fig. 1.) bo two ridges, 
with an intervening valley. These original inequalities of the 
surface have been gradually effaced by beds of sand and ashes 
(i, tf, e, the siirfiice at e being quite level. It will be seen tliat, 
although the materials of the first layers have aceoniinodated tliein- 

h elves in a great degree to the shape 
of tlic ground A B, yet each bed is 
thickest at tlic bottom. At first a 
great many particles wonLl be carried 
by their own gravity doAvn the steep 
sides of A and B, and others would afterwards be blown by the wind 
as they fell off the ridges, and would settle in the hollow, xvliich 
would thus become more and more effaced as the strata accumulated 
from c to e. This levelling ^operation may perhaps be rendered more 
clear to tlie studbnt by supposing a number of parallel trenches to be 
dug in a plain of moving sand, like the African tlesert, in which case 
the wind would soon cause all signs of these trenches to disappear, 
and tlio surface ’would bo as uniform as before. Now, water in 
motion can exert this levelling power on similar materials more 
easily than air, for almost all stones lose in water more than a third 
of the weight which they have in air, the specific gravity of rocks 
being in general as when compared to that of water, xvliicli is 
estimated at 1. But tho buoyancy of sand or mud would be still 
greater in the sea, as the density of salt water exceeds that of fresh. 
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Yet, however uniform and horizontal may bo the surface of new 
deposits in general, there are still many disturbing causes, such us 
eddies in the water, and currents moving first in one and then in 
another direction, which frequently cause irregularities. We may 
sometimes follow a bed of limestone, shale, or sandstone, for a dis- 
tance of many hundred yards continuously ; but we generally find 
at length that each individual stratum thins o%t, and allows the beds 
which were previously above and below it to meet. If the materials 
are coarse, as in grits and conglomerates, the same beds can rarely 
be traced many yards without varying in size, and often coming to an 
end abruptly. (See fig. 2.) 

Fig. 2. 


Scctiou of strata of sanUstone. grit, and conglomerate. 

Diagonal or cross stratification, — There is also another phe- 
nomenon of frequent occurrence. We find a series of larger strata, 
each of jwhich is composed of a number of minor layers placed 


Fig. 3. 



obliquely to the general planes of stratification. To this diagonal 
arrangement the name of “false* or cross bedding” has been 
given. Thus in the annexed section (fig. 3.) we see seven or eight 
lafge beds of loose sand, yellow and brown, and the lines a, 6, c, 
mark some of the principal planes of stratification, which are nearly 
horizontal. But the greater part of the subordinate lamina; do not 
conform to these planes, but have often a steep slope, the inclination 
being sometimes towards opposite points of the compass. When the 
sand is loose and incoherent, as in the case here represented, the 
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deviation from parallelisnf of the slanting laminas cannot possibly be 
accounted for by any re-arrangement of the particles acquired during 
the consolidation of the rock. In what manner then can such irre- 
gularities be duo to original deposition ? We must suppose that at 
the bottom of the sea, as well as in the beds of rivers, the motions of 
waves, currents, and eddies often cause mud, sand, and gravel to be 
thrown down in heaps on particular spots instead of being spread 
out uniformly over a wide area. Sometimes, when banks are thus 
formed, currents may cut passages through them, just as a river 
forms its bed. Suppose the bank A (fig. 4.) to be thus formed with 


Fig. 4 . « 



a steep sloping side, and the water being in a tranquil state, the layer 
of sediment No. 1. is thrown down upon it, conforming nearly to its 
surface. Afterwards tlie other layers, 2, 3, 4, may bo deposited in 
succession, so that the bank B C D is formed. If the current then 
increases in velocity, it may cut away the upper portion of this mass 
down to the dotted lino e (fig. 4.), and deposit the materials thus 
removed farther on, so as to form the layers 5, 6, 7, 8. We have 
now the bank B C D E (fig. 3.), of which the surface is almost level 


Fig. 5. 



and on which the nearly horizontal layers, 9, 10, 11, may then 
accumulate. It was shown in fig. 3. that the diagonal layers of suc- 
cessive strata may sometimes have an opposite slope. This is well 
seen in some cliffs of loose sand on the Suffolk coast. A portion 

of one of these is represented in 
fig. 6., where the layers, of which 
there are about six in the thick- 
ness of an inch, are composed of 
quartzose grains. This arrange- 
ment may have been due to the 
altered direction of the tides and 
Cliff between Miimer and Dunwich. Currents in the Same place. 

The description above given of the slanting position of the minor 
layers constituting a single stratum is in certain cases applicable on a 
much grander scale to masses several hundred feet thick, and many 
miles in extent. A fine example may be seen at the base of the 
Maritime Alps near Nice. The mountains here terminate abruptly 

0 
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in the sea, so that a depth of one liundr^ fathoms is often found 
within a stone’s throw of the beach, and sometimes a deptli of 3000 
feet within half a mile. But at certain points, strata of sand, marl, 
or conglomerate, intervene between the shore and the mountains, as 
in the annexed fig. (7.), where a vast succession of slanting beds 

Monte Calva L 



Section from Monte Calvo to the sea by the valley of Maf^nan, near Klee. 

A. Dolomite and sandstone. (Green-sand formation ?) 

a, b, d. Beds of gravel and sand. 

e. Fine marl and sand of Ste. Mafleleine, with marine shells. 

of gravel and sand may be traced from the sea to Monte Calvo, a 
distance of no less than 9 miles in a straight line. The dip of tli(*se 
beds is remarkably uniform, being always southward or towards the 
Mediterranean, at an angle of about 25°. They are exposed to view 
in nearly vertical precipices, varying from 200 to 600 feet in height, 
wliich bound tlie valley through which the river Magnan flows. 
Although, in a general view, the strata appear to be parallel and 
uniform, they are nevertheless found, wlien examined closely, to be 
wedge-shaped, and to thin out when followed for a few hundred feet 
or yar(l.s, so that we may suppose them to have been thrown down 
originally upon the side of a steep bank where a river or alpine 
torrent discharged itself into a deep and tranquil sea, and formed a 
delta, which advanced gradually from the base of Monte Calvo to a 
distaneo of 9 miles from the original shore. If subsequently this 
part of tho Alps and bed of the sea were raised 700 feet, the coast 
would acquire its present configuration, the delta would emerge, and 
a deep channel might then be cut through it by a river. 

It is well known that the torrents andstroiras, which now descend 
from the alpine declivities to the shore, bring down annually, when 
the snow melts, vast quantities of shingle and sand, and then, as they 
subside, fine mud, while in summer they are nearly or entiiely dry ; 
so that it maybe safely assumed, that deposits like those of the valley 
of the Magnan, consisting of coarse g 'avel alternating with fine 
sediment, are still in progress at many points, as, for instance, at the 
mouth of the Var. They must advance upon the Mediterranean in 
the form of great shoals terminating in a steep talus ; such being tho 
original mode of accumulation of all coarse materials conveyed into 
deep water, especially where they are composed in great part of 
pebbles, which cannot be transported to indefinite distances by cur- 
rents of moderate velocity. By inattention to facts and inferences 
of this kind, a very exaggerated estimate has sometimes been made 
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of the supposed depth of the ancient ocean. There can he no doubt, 
for example, that the strata a, fig. 7., or those nearest to Monte 
Calvo, arc older than'^liose indi<?ated by and these again were 
formed before c ; but the vertical depth of gravel and sand in any 
one place cannot be proved to amount even to 1000 feet, although 
it may perhaps be much greater, yet probably never exceeding at 
any point 3000 or 4000 feet. But were we to assume that all the 
stj^'ata were once liorizontal, and that their present dip or inclination 
was due to subsequent movements, we should then be forced. to con- 
clude, that a sea several miles deep had been filled up with alternate 
layers of mud .and pebbles thrown down one upon another. 

In the locality now under consideration, situated a few miles to the 
west of Nice, tlujit arc many geological data, the details of which 
cannot be given in this place, all leading to the opinion, that when 
the deposit of the JMagnan was formed, the shape and outline of the 
alpine declivities and the shore greatly resembled what we now 
behold at many points in the neighbourhood. That the beds, «, by c, rf, 
are of comparatively modern date is proved by this fact, that in seams 
of loamy marl intervening between the^ pebbly beds are fossil shells, 
half of which belong to species now living in the Mediterranean. 

Ripple 7nark, — The ripple mark, so common on the surface of 
sandstones of all ages (see llg. 8.), and which is so often seen on the 


Fir. S. 



Slab of npple-iuarkcd (new red) ^andiilonc from Cheshire. 


sea-shore at low tide, seems to originate in the drifting of materials 
along the bottom of the water, in a manne r very similar to that which 
may explain the inclined layers above described. This ripple is not 
entirely confined to the beach between high and low water mark, but 
is also produced on sands which arc constantly covered by water. 
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Similar undulating ridges and furrows may also be sometimes seen 
on the surface of drift snow and blown sand. The following is the 
manner in which I onoe observed the motion of the air to produce 
this effect on a largo extent of level beach, exposed at low tide near 
Calais. Clouds of fine white sand were blown from the neighbour- 
ing dunes, 80 as to cover tho shore, and whiten a dark level sur- 
face of sandy mud, and this fresh covering of sand was beautifully 
rippled. On levelling all the small ridges and furrows of this ripple 
over an. area of several yards square, I saw them perfectly restored in 
about ten minutes, the general direction of the ridges being always at 
right angles to that of the wind. The restoration began by the ap- 
pearance here and there of small detached heaps of sand, which soon 
lengthened and joined together, so as to form long sinuous ridges with 
intervening furrows. Each ridge had one side slightly inclined, and 
tlie other steep ; the lee-side being always steep, as i, <?, — </, e ; the 
windward-side a gentle slope, as a, — c, cf, fig. 9 . When a gust of 


Fig. 9. 



wind blow with sufficient force to drive along a cloud of sand, all 
the ridges were seen to be in motion at once, each encroaching on 
the furrow before it, and, in the course of a few minutes, filling the 
place which the furrows had occupied. The mode of advance was 
by the continual drifting of grains of sand up the slopes a b and c c/, 
many of which grains, when they arrived at b and d, fell over tho 
scarps b V? and d e, and were under shelter from the wind ; so that 
they remained stationary, resting, according to their shape and mo- 
mentum, on different parts of the descent, and a few only rolling to 
the bottom. In this manner each ridge was distinctly seen to move 
slowly on as often as the force of the wind augmented. Occasionally 
part of a ridge, advancing more rapidly than the rest, overtook tho 
ridge immediately before it, and became confounded with it, thus 
causing those bifurcations and branches which are so common, and 
two of which .are seen in the slab, fig. 8 . We may observe this con- 
figuration in sandstones of all ages, and in them also, as now on 
the sea-coast, we may often detect two systems of ripples interfering 
with each other ; one more ancient and half effaced, and a newer one, 
in which the grooves and ridges are more distinct, and in a different 
direction. This crossing of two sets of .ipples arises from a change 
of wind, and the new direction in which the waves are thrown on the 
shore. 

Tlie ripple mark is usually an indication of a sea-beach, or of 
water from 6 to 10 feet deep, for the agitation caused by waves even 
during storms extends to a very slight depth. To this rule, however, 
there are some exceptions, and recent ripple marks have been ob- 
served at the depth of 60 or 70 feet. It has also been ascertained that 
currents or large bodies of water in motion may disturb mud and 
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sand at the depth of 300 or even 450 feet,* Beach ripple, however, 
may usually be distinguished from current ripple by frequent changes 
in its direction. In a slab of sandstone, not more than an inch thick, 
the furrows or ridges of an ancient ripple may often be seen in several 
successive laminas to run towards different points of the compass. 


CHAPTER m. 

ARRANGEMENT OF FOSSILS IN STRATA — FKESnWATES AND 3IARINE. 

Successive deposition indicated by fossils — Limestones formed of corals and shells — 
Proofs of gradual increase of strata derived from fossils — Scrpula attached to 
spatangus — Wood bored by tcredina — Tripoli and semi-opal formed of infusoria 
— Clialk derived principally from organic bodies — ^Distinction of freshwater from 
marine formations — Genera of freshwater and land shells — Rules for recognizing 
marine tcstacca — Gyrogonitc and chara — Freshwater fishes — Alternation of 
marine and freshwater dcjiDsits — Lym- Fiord. 

Having in the last chapter considered the forms of stratification so 
far as they arc determined by the arrangement of inorganic matter, 
we may now turn our attention to the manner in which organic re- 
mains are distributed through stratified deposits. We should often 
be unable to detect any signs of strntidcation or of successive deposi- 
tion, if particular kinds of fossils did not occur here and there at 
certain depths in the mass. Atone level, for example, univalve shells • 
of some one or more species predominate ; at another, bivalve shells ; 
and at a third, corals ; while in some formations we find layers of 
vegetable matter, commonly derived from land plants, separating 
strata. 

It may appear inconceivable to a beginner how mountains, several 
thousand feet thick, can have become filled with fossils from top to 
bottom ; but the difficulty is removed, when he reflects on the origin 
of stratification, as explained in the last chapter, and allows sufficient 
time for the accumulation of sediment. He must never lose sight of 
tlie fact that, during the process of deposition, each separate layer 
was once the uppermost, and covered immediately by the water in 
which aquatic animals lived. Each stratum in fact, however far it 
may now lie beneath the surfiicc, was once in tlie state of shingle, or 
loose sand or soft mud at the bottom of the sea, in which shells and 
otlier bodies easily became enveloped. 

By attending to the nature of these remains, we are often enabled 
to determine whether the deposition was slow or rapid, whether it 
took place in a deep or shallow sea, near the shore or far from lands 
and whether the water was salt, brackish, or fresh. Some limestones 
consist almost exclusively of corals, and in many cases it is evident 

* Edin. Now Phil. Jourii. voL xxxi.; and Darwin, Vole. Islands, p. 134. 
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that the present position of each fossil zoophyte ^as been determined 
by the manner in which it grew originally. The axis of the coral, 
for example, if its natural growth is erect, still remains at right angles 
to the plane of stratification. If the stratum be now horizontal, the 
round spherical heads of certain species continue uppermost, and 
their points of attachment are directed downwards. This arrange- 
ment is sometimes repeated throughout a great succession of strata. 

^ From what we know of the growth of similar zoophytes in modern 
reefs, we infer that tlie rate of increase was extremely slow, and some 
of the fossils must have fiourished for ages like forest trees, before 
they attained so large a size. During these ages, the water remained 
clear and transparent, for such corals cannot live in turbid water. 

In like manner, when we see thousands of full-grown shells dis- 
persed every where throughout a long series of strata, wo cannot 
doubt that time was required for the multiplication of successive 
generations ; and the evidence of slow accumulation is rendered more 
striking from the proofs, so often discovered, of fossil bodies having 
lain for a time on the floor of the ocean after death before they were 
imbedded in sediment. Nothing, for example, is more common than 
to see fossil oysters in clay, with serpulje, or barnacles (acorn-shells), 
or corals, and other creatures, attached to tlie inside of the valves, so 
that tlie mollusk was certainly not burled in argillaceous mud the 
moment it died. There must have been an interval during which it 
was still surrounded with clear water, when the creatures whose re- 
mains now adhere to it, grew from an embryo to a mature state. 
Attached shells which are merely external, like some of the ser- 


pulae (a) in the annexed figure (fig. 10.), may often have grown 
upon an oyster or other shell while the animal within was still living; 



but if tliey arc found on the inside, 
it could only happen after tlio 
death of the inhabitant of the shell 
which affords the support. Thus, 
in fig. 10., it will bo seen that two 
sei’piilao have grown on the inte- 
rior, one of them exactly on the 
place w?.<;re the adductor muscle 
of the GryphcRa (a kind of oyster) 
was fixed. 

Some fossil shells, even if simply 
attached to the outside of others, 
bear * uU testimony to the conclu- 
sion above alluded to, namely, that 
an interval elapsed between the 
death of the creature to whose 
shell they adhere, and the burial of 
the same in mud or sand. The sea- 
urchins or Echini^ so abundant in 
white chalk, afford a good illustra- 
tion. It is well known that thesq 
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animals, when living, are invariably covered with numerous suckers, 
or gelatinous tubes, called “ambulacral,” because they serve as organs 
of* motion. They are also armed with spines supported by rows of 
tubercles. These last are only seen after the death of the sea-urchin, 
when the spines have dropped off. In fig. 12. a living species of 
Spatangusy common on our coast, is represented with one half of its 

I'iS-n. Fig. 12. 



Serpu/a attached to 
a lijsbil Spatariffut 
fioni the chalk. 


Recent Spatangus with the spines 
removed from one side. 

b. Spine and tubercles, nat size. 
a. 'I'he same magnified. 


Fig. 13. 


shell stripped of the spines. In fig. 11. a fossil of the same genus 
from tlio white chalk of England shows the naked surface which the 
individiuils of this family exhibit when denuded of their bristles. 
The full-grown Serpula^ therefore, which now adheres externally, 
could not have begun to grow till the Spatangus had died, and the 
spines were detaclied. 

Now the series of events here attested by a single fossil may be 
ojirried a step farther. Thus, for example, we often meet with a sea- 
urcliin in the chalk (see fig. 13.), which has fixed to it the lower 
valve of a Crania^ a genus of bivalve mollusca. The upper valve 
(^, fig. 13.) is almost invariably Tt'anting, though 
occasionally found in a perfect state of preservation 
in white chalk at some distance. In this case, we 
see clearly that the sea-urchin first lived from youth 
to age, then died and lost its spines, which were 
carried away. Then the young Crania adhertjd 
to the bared shell, grew and perished in its turn ; 

^^JitlT’ioww *^ivo*of which the upper valve was separated from 

b. Upp7r"vJi‘ve‘of lowev before the Echinus became enveloped in 
detached. chalky mud. 

It may bo well to mention one more illustration of the manner in 
which single fossils may sometimes throw light on a former state of 
things, both in the bed of the ocean and on some adjoining land. We 
meet with many fragments of wood bored by ship-worms at various 
depths in the clay on which London is built. Entire branches and 
stems of trees, several feet in length, are sometimes dug out, drilled 
all over by the holes of these borers, the tubes and shells of the mol- 
lusk still remaining in the cylindrical hollows. In fig. 15. e, a re- 
presentation is given of a piece of recent wood pierced by the Teredo 
navaliSy or common ship-worm, which destroys wooden piles and 
ships. When the cylindrical tube d has been extracted from the 
wood, a shell is seen at the larger extremity, composed of two pieces, 
as shown at c. In like manner, a piece of fossil wood (a, fig. 14.) 
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has been perforated by an animal of a kindred but extinct genus, 
•called Teredina by Lamarck. The calcareous tube of this mollusk 
was united and as it were soldered on to the valves of the shell (&), 


Fig. 14. 



Fossil and recent wood drilled by iioiioraLing Molluhca. 


Fig. 14. a. Fossil wood from London clay, bored by Terfdina. 

b. Shell and tuba of Tereditia per$onata, the right-hand figure the ventral, the left tha 

dorsal Tie«r. 

Fig. 15. e. Recent wood bored by Teredo. 

d. Shell and tube of Teredo navalis, from the s.ime. 

c. Anterior and posterior view of the valves of same detached from the tube. 

which therefore cannot be detached from the tube, like the valves of 
the recent Teredo. The wood in this fossil specimen is now con- 
verted into a stony mass, a mixture of clay and lime; but it must 
once have been* buoyant and floating in the sea, when the Teredince 
lived upon it, perforating it in all directions. Again, before the 
infant colony settled upon the drift wood, the branch of a tree must 
have been floated down to the sea by a river, uprooted, perhaps, by a 
flood, or torn off and cast into the waves by the wind : and thus our 
thoughts aro carried back to a prior period, when the tree grew for 
years on dry land, enjoying a fit soil and climate. 

It has been already remarked that there are rocks in the interior 
of continents, at various depths in the earth, and at great heights 
above the sea, almost entirely made up of ihe remains of zoopliytes 
and testacea. Such masses may be compared to modern oyster-beds 
and coral-reefs ; and, like them, the rate of increase must have been 
extremely gradual. But there are a variety of stony deposits in the 
earth's crust, now proved to have been derived from plants and 
animals of which the organic origin was not suspected until of late 
years, even by naturalists. Great surprise was therefore created by 
the recent discovery of Professor Ehrenberg, of Berlin, that a certain 
kind of siliceous stone, called tripoli, was entirely composed of mil- 
lions of the remains of organic beings, which were formerly referred 
to microscopic Infusoria, but which are now supposed to be plants. 
They abound in freshwater lakes and ponds in England and other 
countries, and are termed Diatomaceas by those naturalists who 
believe in their vegetable origin. The substance alluded to has 
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long been well known in the arts, being used in the form of powder 
for polishing stones and metals. It has been procured, among other 
places, fi'om Bilin, in Bohemia, where a single stratum, extending 
over a wide are.a, is no less than 14 feet thick. This stone, when ex- 
amined with a powerful microscope, is found to consist of the sili- 

Flg. 16. Fig. 17. Fig. 18. 



Baallaria GaiUoneUa OaiUonella 

vulgaris r dittans. ferruginea. 


These figures are magnified nearly 300 times, except the lower figure of G.femuinea (fig. 18. a), 
which Is magnified 2000 times. 


ceous plates or frustules of the above-mentioned Diatomaceae, united 
together without any visible cement. It is difficult to convey an idea 
of tlieir extreme minuteness ; but Ehrenberg estimates that in the 
Bilin tripoli there are 41,000 millions of individuals of the GaiUoneUa 
distans (see fig. 17.) in every cubic inch, which weighs about 220 
grains?, or about 187 millions in a single grain. At every stroke, 
therefore, that we make with this polishing powder, several millions, 
perhaps tens of millions, of perfect fossils are crushed to atoms. 

Tlie remains of these Diatoinace® are of pure ^cx, and their forms 
arc various, but very marked and constant in particular genera 


Fig. 20. Fig. 19. 



Fragment of lemi-opal flrom the great bed of tripoli, Bilin. 


Fig. 19. Natural sixe. 

Fig. 20. The lame magnified, showing circular articula- 
tions of a species of GaiUoneUa, and ipiculic of 


and species. Thus, in the 
family Bacillar ia (see fig. 
16.), the fossils preserved 
in tripoli are seen to ex- 
hibit the same divisions 
and transverse lines which 
characterize the living spe- 
cies of kindred form. With 
these, alsO) the siliceous 
spicul® or internal sup- 
ports of the freshwater 
sponge, or Spongilla of 
Liimarck, are sometimes in- 
termingled (see the needle- 
shaped bodies in fig. 20.). 
These flinty cases and spi- 
cul®, although hard, are 
very fragile, breaking like 
glass, and are therefore 
admirably adapted, when 
rubbed, for wearing down 
into a fine powder fit for 
polishing the surface of 
metals. 

Besides the tripoli, formed 
exclusively of the fossils 
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above described, there occurs in the upper part of the great stratum 
at Bilin another heavier and more compact stone, a kind of semi- 
opal, in which innumerable parts of Diatomaceae and spiculse of the 
Spongilla are filled with, and cemented together by, siliceous matter. 
It is supposed that the siliceous remains of the most delicate Dia- 
tomacese have been dissolved by water, and Ifave thus given rise to 
this opal in which the more durable fossils are preserved like insects 
in amber. This opinion is confirmed by the fact that the organic 
bodies decrease in number and sharpness of outline in proportion as 
the opaline cement increases in quantity. 

In the Bohemian tripoli above described, as in that of Planitz in 
Saxony, the species of Diatomace® (or Infusoria, as termed by Ehren- 
berg) are freshwater ; but in other countries, as in the tripoli of the 
Isle of France, they are of marine species, and they all belong to 
formations of the tertiary period, which will be spoken of hereafter. 

A well-known substance, called bog-iron ore, often met with in 
peat-mosses, has also been shown by Ehrenberg to consist of innu- 
merable articulated threads, of a yellow ochre colour, composed 
partly of flint and partly of oxide of iron. These threads are the 
eases of a minute microscopic body, called GuilloncUa ferruginea 
(fig. 18.). 

It is clear that much time must have been required for the accu- 
mulation of strata to which countless generations of Diatomace® have 
contributed their remains ; and these discoveries lead us naturally to 
suspect that other deposits, of which the materials have been sup- 
posed to be inorganic, may in reality be composed chiefly of micro- 
scopic organic bodies. That this is the case with the whitts 
chalk, has often been imagined, this rock having been observed to 
abound in a variety of marine fossils, such as echini, testacea, 
bryozoa, corals, sponges, Crustacea, and fishes. Mr. Lonsdale, on 
examining, in Oct. 1835, in the Museum of the Geological Society of 
London, portions of white chalk from different parts of England, 
found, on carefully pulverizing them in water, that what appear to 
the eye simply as white grains were, in fact, well preserved fossils. 
He obtained above a thousand of these from each pound weight of 
chalk, some being fragments of minute bryc'^.oa and corallines, others 
entire Foraminifera and Cytherid®. The annexed drawings will 
give an idea of the beautiful forms of many of these bodies. Tho 
figures a a represent their natural size, but, minute as they seem, the 

Cythfridof Rnd Foramintfera from the chalk. 

Fig. 21. Fig. 22. Fir. 23., Fig. 34. 



Cythere^ Miill. Portion of Cristellaria RotaUtuu 

Cytherina^ Lam. Nodotaria. rotulata* 

smallest of them, such as a, fig. 24., are gigantic in comparison with 
the cases -of Diatomace® before mentioned. It has, moreover, been 
lately discovered that the chambers into which these Foraminifera 
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are divided are actually often filled with thousands of well-preserved 
organic bodies, which abound in every minute grain of chalk, and 
are especially apparent in the white coating of flints, often accom- 
panied by innumerable needle-shaped spiculm of sponges. After 
reflecting on these discoveries, we are naturally led on to conjecture 
that, as the formless cement in the semi-opal of Bilin has been 
derived from the decomposition of animal and vegetable remains, so 
also •many chalk flints in which no organic structure can be re- 
cognized may nevertheless have constituted a part of microscopic 
animalcules. 


“The dust we tread upon was once alive ! ” — BrsoN. 

How faint an idea does this exclamation of the poet convey of 
the real wonders of nature! for hero we discover proofs that the 
calcareous and siliceous dust of which hills are composed has not 
only been once alive, but almost every particle, albeit invisible to 
the naked eye, still retains the organic structure which, at periods 
of time incalculably remote, was impressed upon it by the powers 
of life. 

Freshwater and marine fossils, — Strata, whether deposited in salt 
or fresh water, have the same forms; but the imbedded fossils are 
very diflerent in the two cases, because the aquatic animals which 
frequent lakes and rivers are distinct from those inhabiting the sea. 
In the northern part of the Isle of Wight formations of marl and 
limestone, more than 50 feet thick, occur, in which the shells are 
principally, if not all, of extinct species. Yet we recognize their 
freshwater origin, because they are of the same genera as those now 
abounding in ponds and lakes, either in our own country or in 
warmer latitudes. 

In many parts of France, as in Auvergne, for example, strata of 
limestone, marl, and sandstone are found, hundreds of feet thick, 
which contain exclusively freshwater and land shells, together with 
the remains of terrestrial quadrupeds. The number of land shells 
scattered through some of these h’eshwatcr deposits is exceedingly 
great ; and there are districts in Germany where the rocks scarcely 
contain any other fossils except snail-shells (helices ) ; as, for instance, 
the limestone on the left bank of the Rhine, between Mayence and 
Worms, at Oppenheim, Findheim, Budenheim, and other places. In 
order to account for this phenomenon, the geologist has only to 
examine the small deltas of torrents which enter the Swiss lakes 
when the waters are low, such as the newly-formed plain where tlus 
Kander enters the Lake of Thun. He there sees sand and mud 
strewed over with innumerable dead land shells, which have been 
brought down from valleys in the Alps in the preceding spring, 
during the melting of the snows. Aga<n, if wc search the sands on 
the borders of the Rhine, in the lower part of its course, we find 
countless land shells mixed with others of species belonging to lakes, 
stagnant pools, and marshes. These individuals have been washed 
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away from the alluvial plains of the great river and its tributaries, 
some from mountainous regions, others from the low country. 

Although freshwater formations arc often of great thickness, yet 
they are usually very limited in area when compared to marine 
deposits, just as lakes and estuaries are of small dimensions in com- 
parison with seas. 

The absence of msiny fossil forms usually met with in marine 
strata, aflbrds a useful negative indication of the freshwater origin 
of u formation. For example, there are no sea-urchins, no corals, 
no chambered shells, such as the nautilus, nor microseopic Forami- 
nifera in lacustrine or fuviatile deposits. In distinguishing the 
latter froih formations accumulated in the sea, we are chiefly guided 
by tlie forms of the mollusca. In a freshwater deposit, the number 
of individual shells is often as g^eat as in a marine stratum, if not 
greater ; hut there is a smaller variety of species and genera. This 
might be anticipated from the fact that the genera and species of 
I'eeent freshwater and land shells are few when contrasted with the 
marine. Thus, the genera of true mollusca according to Woodward’s 
system, excluding those altogether extinct and those without shells, 
amount to 446 in number, of which the terrestrial and freshwater 
genera scarcely form more than a fifth.* 

Almost all bivalve shells, or those of acephalous mollusca, are 
marine, about sixteen only out of 140 genera being freshwater. 

Fig. 2S. Fig. *16. 


■b 


Cycla$ obovala ; Haats. Cifreno Jhtminalis. s fosill. Grays, Essex, 




Among these last, the four most common forms, both recent and 
fossil; arc Cyelas^ Cyrena^ Unio, and Anodonta (see figures); the 


Fig. 27. 



Anod<mta Cordirriif 
fossil. Paris. 


Fig. 28. 



Anodonta laiimargtnaiM t 
recent. Bahia. 


Fig. 29. 


Unto iiitoralfs ; 
recent. Auvergne. 



two first and two last of which ore so nearly allied as to pass into 
each other. 


* See Woodward’s Manual of the Mollusca, 18.56. 
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*'* **/®®’ Lamarck divided the bivalve mollusca into 

the Dimyary^ or those having two large mus- 
cular impressions in each valve, as a 6 in the 
Cyclas, fig. 25., and the Monomyary^ such as 
the oyster and scallop, in which there is only 
one of these impressions, as is seen in fig. 30. 
Now, ns none of these last, or the uuimuscular 
bivalves, are freshwater’"^, we may at once pre- 
sume a deposit in which we find any of them 
marine. 

, CT«fito,um.) upper faive. Lias. Tho univalve shells most characteristic of 
fresh-water deposits are, Planorbis^ Limima^ and Paludina, (See 




Fig. 38. Fig. 39. Fig. 40. Fig. 41. 



Auric^i Melania Ph^saeolum^ Melanopeis bve- 

recent. Ara. (nounuttoM marit. Paris. eituMea s recent. 

Paris basin. basin. Asia. 


* The freshwater Mulleria which has two muscular impressions when young, has 

only one in tho adult state, thus forming a single exception to the rule. 
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Some naturalists include Neritina (fig. 42.) and the marine 
Kerita (fig. 43.) in the same genus, it being scarcely possible to 


Fig. 42. 


Fig 43. 




Fig. 44. 


Neritina globtdut. Paris basin. Nerita granuloia, Paris basin. 

distinguisli the two by good generic characters. But, as 
a general rule, the fluviatile species are smaller, smoother, 
and more globular than the marine ; and they have never, 
like the Nerites^ the inner margin of the outer lip toothed 
or crcnulated. (See fig. 43.) 

The Potamides inhabit the mhuths of rivers in warm 
latitudes, and arc distinguishable from the marine cerithia 
by their orbicular and multispiral ojMjrcula. The genus pouiZides 
auricula (fig. 38.) is amphibious, frequenting swamps and pS^g“bS’ 
marshes within the influence of the tide. 

The terrestrial shells are all univalves. The most important 
genera among these, both in a recent and fossil state, are Helix 
(fig. 45.), Cyelostoma (fig. 46.), Pupa (fig. 47.), Clausilia (fig. 48.), 



Fig. 45. 


Fig. 46. 


Fig. 47. Fig. 4a 


Fig. 49. 





Helix Turtmensig, 
Faluns, Tourame. 


Cyelostoma 

etegam. 

Loess. 


Pupa Clausiifa 

trident, bidens. 

Loess. Loess. 


JBulimus lubrtcus. 
Loess. Uhine. 


Bulimvs (fig. 49.), Glandiria^ and Achatina, 

The Ampullaria (fig. 50.) is another genus of shells, inhabiting 
Fig.sa rivers and ponds in hot countries. Many fossil 
shells formerly referred to this genus, and which 
have been met with chiefly in marine formations, 
are now considered by conchologists to belong to 
Katica and other marine genera. 

All univalve shells of land and freshwater spe- 
cies, with the exception of Melanopsis (fig. 41.), 
and Achatina^ -which has a slight indentation, have 
entire mouths; and this circumstance may often 
serve as a convenient rule for distinguishing freshwater from marine 
.strata ; since, if any univalves occur of which the mouths are not 
entire, we may presume that the formation is marine. The aper- 
ture is said to be entire in such shells as the Ampullaria and tho 
land shells (figs. 45 — 49.), when its outline is not interrupted 
by an indentation or notch, such as that seen at 5 in Ancillaria 



Ampullaria glancat 
Iruin the Jiiiniiii. 
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(fig. 62.); or is not prolonged into a canal, as that seen at a in 
Pleurotoma (fig. 51.). 

The mouths of a large proportion of the marine univalves have 
these notches or canals, and almost all such species are carnivorous ; 

Fig. 51 . Fig. sa. 

Pleurotoma 
Subap.^ liilU, 

Aneillaria subtUata. B.irton clay. Kocono. 

whereas nearly all testacca having entire mouths, are plant-eaters ; 
whether the species be marine, freshwater, or terrestrial. 

There is, however, one genus which affords an occasional ex- 
ception to one of the above rules. The Cerithium (fig. 44.), 
although Jlrovided with a short canal, comprises some species which 
inhabit salt, others brackish, and others fresh water, and they are 
said to be all plant-eaters. 

Among the fossils very common in freshwater deposits are tlie 
sliells of Cypris^ a minute crustacoou.s animal, having a shell much 
resembling tlia of the bivalve mollusca.* Many minute living 
spccues of this genus swarm in lakes and stagnant pools in Great 
llritain ; but their shells are not, if considered separately, conclusive 
as to the freshwater origin of a deposit, because the majority of 
species in another kindred genus of the same order, the Cytherina of 
Lamarck (see above, fig. 21. p. 26.), inhabit .salt water; and, although 
the animal differs slightly, the sliell is scarcely distinguishable from 
that of the Cypris, 

The seed-vessels and stems of Charay a genus of aquatic plants, 
are very frequent in fresliwater strata. These seed-vessels were 
called, before their true nature was known, gyrogonites, and were 
supposed to be foraniiniferous shells. (See fig. 53. a,) 

The Chara inhabit the bottom of lakes and ponds, and flourish 
mostly where the winter is charged with carbonate of lime. Their 
seed-vessels are covered with a very tough integument, capable of 
resisting decomposition ; to which circumstance wo may attribute 
their abundance in a fossil state. The annexed figure (tig. 54.) 
represents a branch of one of many new spi'cies found by Professor 
Amici in the lak(»9 of Northern Italy. The seed-vessel in this plant 
is more globular than in the British ChatiSy and therefore more 
nearly resembles in form the extinct fossil species ibuiid in England, 

* For figures of fossil species of Purbeck, sco below, ch. xx. 
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France, and other countries. The stems, as well as the seed-vessels, 
of these plants occur both in modern shell marl and in ancient 


Fig. 53. Fig. 54. 



Chara medieaginula i Chara elatlica j recent. lUly. 

fossil. Upper Eocene. Isle of Wight 

a. Sessile seed vessel between the divisions of 
a. Seed-vessel. the leaves of the female plant. 

magnified 2Q 5. Magnified transverse section of a branch, 

diameters. with five seed-vessels, seen from below 

5. Stem, magnified. upwaids. 

freshwater formations. They are generally composed of a large 
tube surrounded by smaller tubes ; the whole stem being divided at 
certain intervals by transverse partitions or joints. (See A, fig. 53.) 

It is not uncommon to meet with layers of vegetable matter, 
impressions of leaves, and branches of trees, in strata containing 
freshwater shells ; and wc also find occasionally the teeth and bones 
of land quadrupeds, of species now unknown. The manner in 
which such remains* are occasionally earned by rivers into lakes, 
especially during floods, has been fully treated of in the “ Principles 
of Geology.”* 

The remains of fish are occasionally useful in determining the 
freshwater origin of strata. Certain genera, such as carp, perch, 
pike, and loach [Cypiinus^ Perea, Esox, and Cobitis), as also Lebias, 
being peculiar to freshwater. Other genera contain some freshwater 
and some marine species, as Coitus, Mugil, and Anguilla, or eel. 
The rest arc either common to rivers and the sea, as the salmon ; or 
are exclusively characteristic of salt water. The above observa- 
tions respecting fossil fishes are applicable only to the more 
modern or tertiary deposits; for in the more ancient rocks the 
forms depart so widely from those of existing fishes, that it is very 
difficult, at least in the present state of science, to derive any positive 
information from icthyolites respecting the element in which strata 
were deposited. 

The alternation of marine and freshwater formations, both on a 
small and large scale, are facts well ascertained in geology. When 
it occurs on a small scale, it may have arisen from the alternate 
occupation of certain spaces by river water and the sea ; for in the 
flood season the river forces back the ocean and freshens it over a 
large area, depositing at the same time its sediment ; after which the 
salt water again returns, and, on resuming its former plac^ brings 
with it sand, mud,* and marine shells. 

* See Index of Principles, ** Fossilization.” 
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. There are also lagoons at the mouths of many rivers, as the Nile 
and Mississippi, which are divided oif by bars of sand from the sea, 
and which are filled with salt and fresh water by turns. They often 
communicate exclusively with the river for months, years, or even 
centuries ; and then a breach being made in the bar of sand, they 
are for long periods filled with salt water. 

The Lym-Fiord in Jutland offers an excellent illustration of 
analogous changes ; for, in the course of the last thousand years, the 
western extremity of this long frith, which is 120 miles in length, 
including its windings, has been four times fresh and four times salt, 
a bar of sand between it and the ocean having been as often formed 
and removed. The last irruption of saltwater happened in 1824, 
Avhen the North Sea entered, killing all the freshwater shells, fish, 
and plants ; and from that time to the present, the sea- weed Fucus 
vesicnlosus^ together with oysters and other marine mollusca, have 
succeeded the Cyclas^ LymneUy Paludina^ and Char<B,^ 

But changes like these in the Lym-Fiord, and those before men- 
tioned as occurring at the mouths of great rivers, will only account 
for some cases of marine d(iposits of partial extent resting on fresh- 
water strata. When wo find, as in the south-east of England, a 
great series of freshwater beds, 1000 feet in thickness, resting upon 
marine formations and again covered by other rocks, such as the 
cretaceous, more than 1000 feet thick, and of deep-sea origin, we 
shall find it necessary to seek for a different explanation of the phe- 
nomena. f 


CHAPTER IV. 

CONSOLIDATION OF STRATA AND PETRIFACTION OF FOSSILS. 

Chemical and mechanical deposits — Ccincnting together of particles — Hardening 
by exposure to air — Concretionary nodules — Consolidating effects of pressure — 
Mineralization of organic remains — Impressions and casts how formed — Fossil 
wood — Gdppert’s experiments — Precipitation of stony matter most rapid where 
putrefaction is going on — Source of lime in solution — Silcx derived from de- 
composition of felspar — Proofs of the lapidification of some fossils soon after 
burial, of others when much decayed. 

Having spoken in the preceding chapters of the characters of sedi- 
mentary formations, both as dependent on the deposition of inorganic 
matter and the distribution of fossils, I may next treat of the con- 
solidation of stratified rocks, and the petrifaction of imbedded or- 
ganic remains. 

Chemical and mechanical deposits. — A distinction has been made 

♦ See Principles, Index, “ Lym-Fiord.” 
f See below, Chap. XVIII., on the Wealden. 

D 
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by geologists between deposits of a chemical, and those of a me- 
chanical, origin. By tlie hitter name are designated beds of mud, 
sand, or pebbles produced by the action of running water, also ac- 
cumulations of stones and scorim thrown out by a volcano, which 
have fallen into their present place by the force of gravitation. But 
the matter which forms a chemical deposit has not been mechanically 
suspended in water, but in a state of solution until separated by 
chemical action. In this manner carbonate of lime is often precipi- 
tated upon the bottom of lakes and seas in a solid form, as may be 
well seen in many parts of Italy, where mineral springs abound, and 
where the calcareous stone, called travertin, is deposited. Li these 
springs the lime is usually held in solution by an excess of carbonic 
acid, or by heat if it be a hot spring, until the water, on issuing from 
the earth, cools or loses part of its acid. The calcareous matter then 
falls down in a solid state, encrusting shells, fragments of wood and 
leaves, and binding them together.* 

In coral reefs, large masses of limestone arc formed by the stony 
skeletons of zoophytes ; and these, together with shells, become ce- 
mented together by carbonate of lime, part of which is probably 
furnished to the sea water by the decomposition of dead corals. 
*Even shells of which the animals are still living, on these reefs, are 
very commonly found to be encrusted over with a hard coating of 
limestone, f 

If sand and pebbles are carried by a river into the seti, and these 
are bound together immediately by carbonate of lime, the deposit 
may be described as of a mixed origin, partly chemical, and partly 
mechanical. 

Now, the remarks already made in Chapter II. on the original 
horizontality of strata are strictly applicable to mechanical deposits, 
and only pai'tially to those of a mixed nature. Such as are purely 
chemical may be* formed on a very steep slope, or may even encrust 
the vertical walls of a fissure, and be of equal thickness throughout ; 
but such deposits are of small extent, and for the most part confined 
to vein -stones. 

Cementing of particles. — It is chiefly in the case of calcareous 
rocks that solidification takes place at the time of deposition. But 
there are many deposits in which a cementing process comes into 
operation long afterwards. We may sometimes observe, where the 
water of ferruginous or calcareous springs has flowed through a bed 
of sand or gravel, that iron or carbonate of lime has been deposited 
in the interstices between the grains o.. pebbles, so that in certain 
places the whole has been bound together into a stone, the same set 
of strata remaining in other parts loose and incoherimt. 

Proofs of a similar cementing action are seen in a rock at Eello- 
way in Wiltshire. A peculiar band of sandy strata belonging to the 
group called Oolite by geologists, may be traced through several 

• See Principlefl, Index, “ Calcareous f Ibid. “ Traveitin,” “ Coral Reefs,*' 
Springs,” &c. &c. 
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coaiuies, the sand being for the most part loose and unconsolidated, 
but becoming stonj near Kelloway. In this district there are nu- 
merous fossil shells which have decomposed, having for the most 
part left only their casts. The calcareous matter hence derived has 
evidently served, at some former period, as a cement to the siliceous 
grains of sand, and thus a solid sandstone has been produced. If wo 
take fragments of many other argillaceous grits, retaining the casts 
of shells, and plunge them into dilute muriatic or other acid, we see 
ihetu immediately changed into common sand and mud ; the cement 
of lime, derived from the shells, having been dissolved by the acid. 

Traces of impressions and casts are often extremely faint. In 
sonic loose sands of recent Ate we meet with shells in so advanced 
a stage of decomposition as to crumble into powder when touched. 
It is clear that water percolating such strata may soon remove the 
• calcareous matter of the shell ; and unless circumstances cause the 
carbonate of lime to be again deposited, the grains of sand will not 
be cemented together ; in which case no memorial of the fossil will 
remain. The absence of organic remains from many aqueous rocks 
may be thus explained ; but we may presume that in many of them 
no fossils were ever imbedded, as there are extensive tracts on the 
bottoms of existing seas even of moderate depth on which no frag- 
ment of shell, coral, or other living creature can be detected by 
di edging. On the other hand, there are parts of the Mediterranean 
(the sea for example), where, according to Prof. E. Forbes, 

the zero of animal life has been reached, at the depth of 230 fathoms ; 
a deposit of yellowish mud of very uniform character, and devoid of 
oi’ganic remains, being there in progress.* Later experiments,, how- 
ever, have proved that organic beings inhabit other parts of the 
same sea at considerably greater depths. 

In w'kat manner silex and carbonate of lime may become widely 
diifuscd in small quantities through the waters wliich permeate the 
(^arth’s crust will bo spoken of presently, when the petrifaction of 
fossil bodies is considered ; but I may remark here that such waters 
are always passing in the case of thermal springs from hotter to 
colder parts of the interior of the earth ; and, as often as the tem- 
perature of the solvent is lowered, mineral matter has a tendency to 
separate from it and solidify. Thus a stony cement is often supplied 
to sand, pebbles, or any fragmentary mixture. In some conglo- 
merates, like the pudding-stone of Hertfordshire (a Lower Eocene 
deposit), pebbles of flint and grains of sand are united by a siliceous 
cement so firmly, that if a block be fractured the rent passes as readily 
through the pebbles as through the cement. 

It is probable that many strata became solid at the time when they 
emerged from the waters in which they were deposited, and when 
they first formed a part of the dry land. A well-known fact seems 
to confirm this idea ; by far the greater number of the stones used 
for building and road-making are much softer when first taken from 

* Report Brit. Ass. 1843, p. 178. 
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the quarry than after they have been long exposed to the air ; and 
these, when once dried, may afterwards be immersed for any length 
of time in water witlmut becoming soft again. Hence it is found 
desirable to shape the stones wdiich are to be used in architecture 
while they are yet soft and wet, and while they ooalain their 
“ quarry-water,” as it is called ; also to break up stone intended for 
roads when soft, and then leave it to dry in the air for months that 
it may harden. Such induration may perhaps be accounted for by 
supposing the water, which penetrates the minutest pores of rocks, 
to deposit, on evaporation, carbonate of lime, iron, silex, and other 
minerals previously held in solution, and thereby to fill up the pores 
partially. "Hiese particles, on crystalliling, would not only be them- 
selves deprived of freedom of motion, but would also hind together 
other portions of the rock which before were loosely aggw'gatcd. 
On the same principle wet sand and mud become as hard as stone 
when frozen ; because one ingredient of the mass, namely, the water, 
has crystallized, so as to hold firmly together all the sepai*ate particles 
of which the loose mud and sand were composed. 

Dr. MacCulloch mentions a sandstone in Skye, which may be 
moulded like dough when first found; and some simple minerals, 
which are rigid and as hard as glass in our cabinets, are often flexible 
and soft in their native beds: this is the case with asbestos, sahlite, 
tromolite, and chalcedony, and it is reported also to happen in the 
case of the beryl. ^ 

The marl recently deposited at the bottom of Lake Superior, in 
North America, is soft, and often filled with freshwater shells ; but 
if a piece be taken up and dried, it becomes so hard that it can only 
be broken by a smart blow of the hammer. If the lake therefore was 
drained, each a deposit would be found to consist of strata of marl- 
stone, like that observed in many ancient European formations, and 
like them containing freshwater shells. 

It is prolyable that some of the heterogeneous materials which 
rivers transport to the sea may at once set under water, like the arti- 
ficial mixture called pozzolana, which cx>nsists of fine volcanic sand 
charged with about 20 per cent, of oxide of iron, and the addition of 
a small quantity of lime. Tins substance hardens, and becomes a 
solid stone in water, and was used by the Romans in constructing 
the foundations of buildings in the sea. 

Consolidation in these cases is brought about by the action of 
chemical affinity on finely comminuted matter previously suspended 
in water. After deposition similar particles seem to exert a mutual 
attraction on each other, and congregate together in particular spots, 
forming lumps, nodules, and concretions. Thus in many argillaceous 
deposits there are calcareous balls, or spherical concretions, ranged 
in la^rs parallel to the general stratification ; an arrangement whicli 
took place after the shale or mar! had been thrown down in succes- 
sive laminae ; for these laminae are often traced in the concretions. 


Dr. MacCallocb, Syst of GeoL voL I p. 123. 
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remaining parallel to those of the surrounding unconsolidated rock. 

Fig w- (See fig. 55.) Such nodules of lime- 

stone have often a shell or other foreign 
body in. the centre.* 

Among the most remarkable ex- 
amples of concretionary structure are 
those described by Professor Sedgwick 
as abounding in the magnesian limestone of the north of England. 
The splierical balls are of various sizes, from that of a pea to a dia- 
meter of several feet, and they have both a concentric and radiated 
• structure, while at the same time the laminae of original deposition 
j)ass uninterruptedly through them. In some cliffs this limestone 
resembhis a great irregular pile of cannon balls. Some of the globular 
masses have their centre in one stratum, while a portion of their 
exterior passes through to the stratum above or below. Thus the 
larger spheroid in the annexed section (fig. 56.) passes from the stratum 

b upwards into a. In this instance we 
must suppose the deposition of a series 
of minor layers, first forming the stra- 
tum 5, and afterwards the incumbent^ 
stratum a ; then a movement of the par- 
ticles took place, and the carbonates of 
lime and magnesia separated from the 
more impure and mixed nfattor forming the still unconsolidated parts 
of the stratum. Crystallization, beginning at the centre, must have 
gone on forming concentric coats around the original nucleus without 
interfering with the laminated structure of the rock. 

When the particles of rocks have been thus re-arranged by chemi- 
cal forces, it is sometimes difficult or impossibhs to ascertain whether 
certain lines of division arc due to original deposition or to the sub- 
sequent aggj’egation of similar particles. Thus suppose three strata 



spheroidal concrctioriR In magnesian 
limestone. 


Fig. 57. 
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of grit, A, B, C, are charged unequally 
with calcareous matter, and that B is the 
most calcareous. If consolidation takes 
place in B, the concretionary action may 
spread upwards into a part of A, where 
the carbonate of lime is more abundant than in the rest ; so that a 
mass, d, e, /, forming a portion of the superior stratum, becomes 
united with B into one solid mass of stone. The original line of 
division d, e, being thus effaced, the line d, would generally be 
considered as the surface of the bed B, though not strictly a true 
plane of stratification. 

Pressure and heat — When sand and mud sink to the bottom of a 
deep sea, the particles arc not pressed down by the enormous weight 
of the incumbent ocean ; for the water, which becomes mingkd with 
the sand and mud, resists pressure with a force equal to that of the 
column of fluid above. The same happens in regard to organic re- 


• De la Bechc, Geol. Researches, p. 95., and Geol. Observer (1851), p. 686. 
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mains whicli are filled with water under great pressure as they sink, 
othei*wise they would be immediately crushed to pieces and flattened. 
Nevertheless, if the materials of a stratum remain in a yielding state, 
and do not set or solidify, they will be gradually squeezed down by 
the weight of other materials successively heaped upon them, just as 
soft clay or loose sand on which a house is built may give way. By 
such downward pressure particles of clay, sand, and marl, may be- 
come packed into a smaller space, and be made to cohere together 
permanently. 

Analogous effects of condensation may arise when the solid parts 
of the earth’s crust are forced in various directions by those me-, 
chan i cal movements afterwards to be described, by which strata have 
been bent, broken, and raised above the level of the sea. Rocks of 
more yielding materials must often have been forced against others 
previously consolidated, and, thus compressed, may have acquired a 
new structure. A recent discovery may help us to comprehend how 
fine sediment derived from the detritus of rocks may be solidified by 
mere pressure. The graphite or “black lead” of commerce having 
become very scarce, Mr. Brockedon contrived a method by which the 
dust of the purer portions of the mineral found in Borrowdalo miglit 
be recomposed into a mass as dense and compact as native graphite. 
The powder of graphite is first carefully prepared and freed from air, 
and placed under a powerful press on a strong steel die, with air-tight 
fittings. It is then struck several blows, each of a power of 1000 
tons ; after which operation the powder is so perfectly solidified that 
it can be cut for pencils, and exhibits when broken the same texture 
as native graphite. 

But the action of heat at various depths in the earth is probably 
the most powerful of all causes in hardening sedimentary strata. To 
this subject I shall refer again when treating of the metamorphic 
rocks, and of the slaty and jointed structure. 

Mineralization of organic remains, — The changes which fossil 
organic bodies have undergone since they were first imbedded in 
rocks, throw much light on the consolidation of strata. Fossil shells 
in some modern deposits have been scarcely altered in the course of 
centuries, having simply lost a part of thei/ animal matter. But in 
other cases the shell has disappeared, and left an impression only of 
its exterior, or a cast of its interior form, or thirdly, a cast of the 
shell itself, the original matter of which has been removed. These 
different forms of fossilization may easily be understood if we examine 
the mud recently thrown out from a pond or canal in which there are 
shells. If the mlid be argillaceous, it acquires consistency on drying, 
and on breaking open a portion of it we find that each shell has left 
impreseions of its external form. If we then remove the shell itself, 
we find within a solid nucleus of clay, having the form of the interior 
of the shell. This form is often very different from that of the outer 
shell. Thus a cast such as a, fig. 58., commonly called a fossil screw, 
would never be suspected by an inexperienced conchologist to be 
the internal shape of the fossil univalve, 5, fig. 58. Nor should we 
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have imagined at first sight that the shell a and the cast fig. 59., 
were different parts of the same fossil. The reader will observe, in 


Fig. 58. 


Fig. 69. 




Phastnnella Heddingtonemia, 
and ciist ut' tlic Eunic. Coral U.ig. 


Pieurotomaria AngUea^ 
and cast. Lias. 


the last-mentioned figure (5, fig. 59.), that an empty space shaded 
dark, which the shell itself once occupied, now intervenes between 
the enveloping stone and the cast of the smooth interior of the whorls. 
In such cases the shell has been dissolved and the component par- 
ticles removed by water percolating the rock. If the nucleus were 
taken out, a hollow mould would remain, on which the external form 
of the shell with its tubercles and strias, as seen in o, fig. 59., would 
be seen embossed. Now if the space alluded to between the nucleus 
and the impression, instead of being left empty, has been filled up 
with calcareous spar, flint, pyrites, or other mineral, we then obtain 
from the mould an exact cast both of the external and internal form 
of the original shell. In this manner silicified casts of shells have 
been formed ; and if the mud or sand of the nucleus happen to be 
incohenmt, or soluble in acid, we can then procure in flint an empty 
shell, which in shape is the exact counterpart of the original. This 
cast may be compared to a bronze statue, representing merely the 
SJiperficial form, and not the internal organization ; but there is 
another description of petrifaction by no means uncommon, and of a 
much more wonderful kind, which may be compared to certain ana'- 
tomical models in wax, where not only the outward forms and fea- 
tures, but the nerves, blood-vessels, and other internal organs are also 
shown. Thus wo find corals, originally calcareous, in which not only 
the general shape, but also the minute and complicated internal or- 
ganization are retained in flint. 

Such a process of petrifaction is still more remarkably exhibited 
in fossil wood, in which we often perceive not only the rings of 
annual growth, but all the minute vessels and medullary rays. Many 
of the minute cells and fibres of plants, and even those spiral vessels 
which in the living vegetable can only be discovered by the mi- 
croscope, are preserved. Among many instances, 1 may mention a 
fossil tree, 72 feet in length, found at Gosforth near Newcastle, in 
sandstone strata associated with coal. By cutting a transverse slice 
80 thin as to transmit light, and magnifying it about fifty-five times> 
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the texture seen in fig. 60. is exhibited. A texture equally minute 
and complicated has been observed in the wood 
of large trunks of fossil trees found in the 
Craigleith quarry near Edinburgh, where the 
stone was not in the slightest degree siliceous, 
but consisted chiefly of carbonate of lime, with 
oxide of iron, alumina, and carbon. The pa- 
rallel rows of vessels here seen are the rings 
. of annual growth, but in one part they are im- 

Textureofa tree rrnm (he coal nt 1*1 . *^111 

strata, magnified. (Witham.) perfectly preserved, the wood having probably 

Transverse section. decayed before the mineralizing matter had 

penetrated to that portion of the tree. 

In attempting to explain the process of petrifaction in such cases, 
we may first assume that strata are very generally permeated by 
water charged with minute portions of calcareous, siliceous, and other 
earths in solution. In what manner they become so impregnated 
will bo afterwards considered. If an organic substance is exposed 
in the open air to the action of the sun and rain, it will in time 
putrefy, or be dissolved in to its component elements, consisting usually 
of oxygen, hydrogen, nitrogen, and carbon. These will readily be 
absorbed by the atmosphere or be washed away by rain, so tliat all 
vestiges of the dead animal or plant disiippear. But if the same 
substances be submerged in water, they decompose more gradually ; 
and if buried in earth, still more slowly, as in the fiirailiar example 
of wooden piles or other buried timber. Now, if as fast as each 
particle is set free by putrefaction in a fluid or gaseous state, a 
particle equally minute of carbonate of lime, flint, or other mineral, 
is at hand and ready to be precipitated, we may imagine this in- 
organic matter to take the place just before left unoccupied by the 
organic molecule. In this manner a cast of the interior of certain 
vessels may first be taken, and afterwards the more solid walls of the 
same may decay and suffer a like transmutation. Yet when the 
whole is lapidified, it may not form one homogeneous mass of stone 
or metal. Some of the original ligneous, osseous, or other organic 
elemeiits . may remain mingled in certain parts, or the lapidifying 
substance itself may be differently coloured at different times, or so 
crystallized as to reflect light differently, and thus the texture of the 
original body may be faithfully exhibited. 

The student may perhaps 'Ask whether, on chemical principles, we 
have any ground to expect that mineral "matter will bo thrown down 
precisely in those spots where organic decomposition is in progress ? 
The following curious experiments may serve to illustrate this point. 
Professor Gbppert of Breslau attempted recently to imitate the na- 
tural process of petrifaction. For this purpose he steeped a variety 
of Animal and vegetable substances in waters, some holding siliceous, 
others calcareous, others metallic matter in solution. He found that 
jn the period of a few weeks, or even days, the organic bodies thus 
immersed were mineralized to a certain extent. Thus, for example, 
thin vertical slices of deal, taken from the Scotch fir {Pinui tjfl* 
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vestris\ were immersed in a moderately strong solution of sulphate 
of iron. When they had been thoroughly soaked in the liquid for 
several days they were dried and exposed to a red-heat until the 
vegetable matter was burnt up and nothing remained but an oxide of 
iron, which was found to have taken the form of the deal so exactly 
that casts even of the dotted vessels peculiar to this family of plants 
were distinctly visible under the microscope. 

Another accidental experiment has been recorded by Mr. Pepys in 
the Geological Transactions. * An earthen pitcher containing several 
quarts of sulphate of iron had remained undisturbed and unnoticed 
. for about a twelvemonth in the laboratory. At the end of this time 
wlicn the liquor was examined an oily appearance was observed on 
the surface, and a yellowish powder, which proved to be sulphur, 
together with a quantity of small hairs. At the bottom were .dis- 
covered the bones of several mice in a sediment consisting of small 
grains of pyrites, others of sulphur, others of crystallized green sul- 
phate of iron, and a black muddy oxide of iron. It was evident that 
some mice had accidentally been drowned in the fluid, and by the 
mutual action of the animal matter and the sulphate of iron on each 
other, the metallic sulphate had been deprived of its oxygen ; hence 
the pyrites and the other compounds were thrown down. Although 
the mice were not mineralized, or turned into pyrites, the pheno- 
menon shows how mineral waters, charged with sulphate of iron, 
may be deoxydated on coming in contact witli animal matter under- 
going putrefliction, so that atom after atom of pyrites may be pre- 
cipitated, and ready, under favourable circumstances, to replace the 
oxygen, hydrogen, and carbon into which the original body would be 
resolved. 

The late Dr. Turner observes, that when mineral matter is in a 
“ nascent state,” that is to say, just liberated from a previous state of 
chemical combination, it is most ready to unite with other matter, 
and form a new clicmical compound. Probably the psirticles or atoms 
just set free are of extreme minuteness, and therefore move more 
freely, and are more ready to obey any impulse of chemical atflnity. 
Whatever be the cause, it clearly follows, as before stated, that where 
organic matter newly imbedded in sediment is decomposing, there 
will chemical changes take place most actively. 

An analysis was lately made of the water which was flowing off 
from the rich mud deposited by the llooghly river in the Delta of 
the Ganges after the annual inundation. Tliis water was found to 
be highly charged with carbonic acid gas holding lime in solution.! 
Now if newly-deposited mud is thus proved to be permeated by 
mineral matter in a state of solution, it is not diflicult to perceive 
that decomposing organic bodies, naturally imbedded in sediment, 
may as readily become petrified as the substances artificially im- 
mersed by Professor Gdppert in various fluid mixtures. 


♦ Vol. i. p. 399. first scries, 
f Fiddington, Asiot. Resoarch. vol. xviii. p. 226. 
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It is well known that the water of springs, or that which is con- < 
tinuully percolating the earth’s crust, is rarely free from a slight 
admixture either of iron, carbonate of lime, sulphur, silica, potash, or 
some other earthy, alkaline, or metallic ingredient. Hot springs in 
particular are copiously charged with one or more of these substances; 
and it is only in their waters that silex is found in abundance. In 
certain cases, therefore, especially in volcanic regions, we may imagine 
the flint of silicified wood and corals to have been supplied by the 
waters of thermal springs. In other instances, as in tripoli, it may 
have been derived in great part, if not wholly, from the decomposi- 
tion of diatomacem, sponges, and other bodies. But even if this be 
granted, we have still to inquire whence a lake or the ocean can be 
constantly replenished with the calcareous and siliceous matter so 
abundantly withdrawn from it by the secretions of living beings. 

In regard to carbonate of lime there is no difficulty, because 
not only are calcareous springs very numerous, but even rain- 
water, when it falls on ground where vegetable matter is decom- 
posing, may become so charged with carbonic acid as to acquire a 
power of dissolving a minute portion of the calcareous rocks over 
which it flows. H(*nco marine corals and mollusca may be provided 
by rivers with the materials of their shells and solid supports. But 
pure silex, even when reduced to the flnest powder and boiled, is 
insoluble in water, except at very high temperatures. Nevertheless, 
Dr. Turner has well explained, in an essay on the chemistry of 
geology *, how the decomposition of felspar may be a source of silex 
in solution. He has remarked that the siliceous earth, which con- 
stitutes more than half the bulk of felspar, is intimately combined 
with aluminc, potash, and some other elements. The alkaline matter 
of the felspar horS a chemical affinity for water, as also for the car- 
bonic acid which is more or less contained in the waters of most 
springs. The water therefore carries away alkaline matter, and 
leaves behind a clay consisting of alumine and silica. But this re- 
sidue of the decomposed mineral, which in its purest state is called 
porcelain clay, is found to contain a part only of the silica which 
existed in the original felspar. The other part, therefore, must have 
been dissolved and removed ; and this can ue accounted for in two 
ways ; first, because silica when combined with an alkali is soluble 
in water ; secondly, because silica, in what is technically called its 
nascent state, is also soluble in water. Hence an endless supply of 
silica is afforded to rivers and the waters of the sea. For the fel- 
spathic rocks are universally distributed, constituting, as they do, 
so large a proportion of the volcanic, plutonic, and metamorphic for- 
mations. Even where they chance to be absent in mass, they rarely 
fail to occur in the superficial gravel or alluvial deposits of the basin 
of every large river. 

The disintegration of mica also, another mineral which enters 
largely into the composition of granite and various sandstones, may 

* Jam. Ed. New Phil. Jouni. No. 30. p. 246. 
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yield silica which may be dissolved in water, for nearly half of this 
mineral consists of silica, combined with alumine, potash, and about 
a tenth part of iron. The oxidation of this iron in the air is the 
principal cause of the waste of mica. 

We have still, however, much to learn before the conversion of 
fossil bodies into stone is fully understood. Some phenomena seem 
to imply that the mineralization must proceed with considerable 
rapidity, for stems of a soft and succulent character, and of a most 
perishable nature, are preserved in flint ; and there are instances of the 
complete silicifi cation of the young leaves of a palm-tree when just 
about to shoot forth, and in that state which in the West Indies is 
called the cabbage of the palm.* It may, however, be questioned 
whether in such eases there may not have been some antiseptic quality 
in the water which retarded putrefaction, so that the soft parts of the 
buried substance may have remained for a long time without disin- 
tegration, like the flesh of bodies imbedded in peat. 

Mr. Stokes has pointed out examples of petrifactions in which the 
more perishable, and others where the more durable, portions of wood 
are preserved. These variations, he suggests, must doubtless have 
<lepeiided on the time when the lapidifying mineral was introduced. 
Thus, in certain silicided stems of palm-trees, the cellular tissue, that 
most destructible part, is in good condition, while all signs of the 
hard woody fibre have disappeared, the spaces once occupied by it 
being hollow or filled with agate. Here, petrifaction must have com- 
menced soon after the wood was exposed to the action of moisture, 
and the supply of mineral matter must then have failed, or the water 
must have become too much diluted before the woody fibre decayed. 
But when this fibre is alone discoverable, we must suppose that an 
interval of time elapsed before the commencement of lapidification, 
during which the cellular tissue was obliterated. When both struc- 
tures, namely, the cellular and the woody fibre, are preserved, tlie 
process must have commenced at an early period, and continued 
without interruption till it was completed throughout.^ 

* Stokos, QeoL Traua, tuI v. p. 212. second series. 


t Ibid. 
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CHAPTER V. 

ELEVATION OF STRATA ABOVE THE SEA — HORIZONTAL AND INCLINED 
STRATIFICATION. 

Why the position of marine strata, abore the lercl of the sea, should be referred to 
the rising up of the land, not to the going down of the sea — Upheayal of exten- 
sive masses of horizontal strata — Inclined and vertical stratification — Anticlinal 
and synclinal lines — I3cnt strata in cast of Scotland — Theory of folding by 
lateral movement — Creeps — Dip and strike — Structure of the Jura — Various 
forms of outcrop — Rocks broken by flexure — Inverted position of disturbed 
strata — Unconformable stratification — Hutton and Playfair on the same — 
Fractures of strata — Polished surfiices — Faults — Appearance of repeated alter- 
nations produced by them — Origin of great faults. 

X/iND has been raised^ not the sea lowered, — It has been already- 
stated that the aqueous rocks containing marine fossils extend over 
wide continental tracts, and are seen in mountain chains rising to 
great heights above the level of the sea (p. 4.). Hence it follows, that 
what is now dry land was once under water. But if we admit this 
conclusion, we must imagine, either that there has been a general 
lowering of the waters of the ocean, or that the solid rocks, once covered 
by water, have been raised up bodily out of the sea, and have thus 
become dry land. The earlier geologists, iindiiig themselves reduced 
to this alternative, embraced the former opinion, assuming that the 
ocean was originally universal, and had gradually sunk down to its 
actual level, so that the present islands and continents were left dry. 
It seemed to them far easier to conceive that the water had gone 
down, than that solid land had risen upwards into its present position. 
It was, however, impossible to invent any satisfactory hypothesis to 
explain the disappearance of so enormous a body of water throughout 
the globe, it being necessary to infer that the ocean had once stood 
at whatever height murine shells might be detected. It moreover 
appeared clear, as the science of Geology advanced, that certain spaces 
on the globe had been alternately sea, then iund, then Estuary, then 
sea again, and, lastly, once more habitable land, having remained in 
each of these states for considerable periods. In order to account for 
such phenomena, without admitting any movement of the hind itself, 
we are required to imagine several retreats and returns of the ocean ; 
and even then our theory applies merely to cases where the marine 
strata composing the dry land are horizontal^ leaving unexplained 
those more common instances where strata are inelined, curved, or 
placed on their edges, and evidently not in the position in which they 
were first deposited. 

Geologists, therefore, were at last compelled to have recourse to 
the other alternative, namely, the doctrine that the solid land has 
been repeatedly moved upwards or downwards, so as permanently to 
change its position relatively to the sea. There are several distinct 
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grounds for preferring this conclusion. First, it will account equally 
for the position of those elevated masses of marine origin in whicli 
th(> stratification remains horizontal, and for those in which the strata 
are disturbed, broken, inclined, or vertical. Secondly, it is consistent 
with human experience that land should rise gradually in some places 
and be depressed in others. Such changes have actually occurred in 
our own days, and are now in progress, having been accompanied in 
some cases by violent convulsions, while in others they have pro- 
ceeded so insensibly, as to have been ascertainable only by the most 
careful scientific observations, made at considerable intervals of time. 

, On the other hand, there is no evidence from human experience of 
a lowering of the sea’s level in any region, and the ocean cannot sink 
in one place without its level being depressed all over tlie globe. 

These preliminary remarks will prepare the reader to understand 
the great theoretical interest attached to all facts connected with the 
position of strata, wliether horizontal or inclined, curved or vertical. 

Now the first and most simple appearance is where strata of 
marine origin occur above the level of the sea in horizontal position. 
Such arc the strata which we meet with in the south of Sicily, filled 
with shells for the most part of the same species as those now living 
in the Mediterranean. Some of these rocks rise to the height of 
more than 2000 feet above the sea. Other mountain masses might 
be mentioned, composed of horizontal strata of high antiquity, which 
contain fossil remains of animals wdiolly dissimilar from any now 
known to exist. In the south of Sweden, for example, near Lake 
Wener, the beds of one of the oldest of the fossiliferous deposits, 
namely that formerly called Transition, and now Silurian, by geo- 
logists, occur in as level a position as if they had recently formed 
part of the delta of a great river, and been left dry on the retiring of 
the annual floods. Aqueous rocks of about the same age extend for 
hundreds of miles over the lake-district of North America, and exhibit 
in like manner a stratification nearly undisturbed. The Table Moun- 
tain at the Cape of Good Hope is another example of highly elevated 
yet perfectly horizontal strata, no less than 3500 feet in thickness, 
and consisting of sandstone of very ancient date. 

Instead of imagining that such fossiliferous rocks were always at 
their present level, and that the sea was once high enough to cover 
them, we suppose them to have constituted the ancient bed of the 
ocean, and that they were gradually uplifted to tlieir present height. 
This idea, however startling it may at first appear, is quite in 
accordance, sis before stated, with the analogy of changes now going 
on in certain regions of the globe. Thus, in parts of Sweden, and 
the shores and islands of the Gulf of Bothnia, proofs have been 
obtained that the land is experiencing, and has experienced for 
centuries, a slow upheaving movement. Playfair argued in favour 
of this opinion in 1802 ; and in 1807, Von Buch, after his travels in 
Scandinavia, announced his conviction that a rising of the land was 
in progress. Celsius and other Swedish writers had, a century 
before, declared their belief that a gradual change had, for ages. 
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been taking place in the relative level of land and sea. They attri- 
buted file change to a fiill of the waters both of the ocean and the 
Baltic. This theory, however, has now been refuted by abundant 
evidence ; for tlie alteration of relative level has neither been 
universal nor everywhere uniform in quantity, but has amounted, 
in some regions, to sevenil feet in a century, in others to a few 
inches; while in the southernmost part of Sweden, or the pi’ovince 
of Scania, there has been actually a loss instead of a gain of land, 
buildings having gradually sunk below the level of the sea.* 

It appears, from the observations of Mr. Darwin and others, that 
very extensive regions of the continent of South America have been 
undergoing slow and gradual upheaval, by which the level plains of 
Patagonia, covered with recent marine shells, and the Pampas of 
Buenos Ayres, have been raised above the level of the 8ea.f On the 
otlier hand, the gradual sinking of the Avest coast of Greenland, for 
the space of more than 600 miles from north to south, during the 
last four centuries, has been established by the observations of a 
Danish naturalist. Dr. Pingel. And while these proofs of continental 
elevation and subsidence, by slow and insensible movements, have 
been recently brought to light, the evidence has been daily strength- 
ened of vonlinued clianges of level eflected by violent convulsions 
in countries Avherc earthquakes are frequent. There the rocks are 
rent from time to time, and hca'^ed up or thrown down several feet 
at once, aud disturbed In such a manner, that the original position of 
strata may, in the course of centuries, be modified to any amount. 

It has also been shown by i\Ir. Darwin, that, in those seas where 
circular coral islands and barrier reefs abound, there is a slow and 
continued sinking of the submarine mountains on which the masses 
of coral arc based ; Avhile there are other areas of the South Scji, 
where the land is on the rise, and where coral has been upheaved far 
above the sea-level. 

It would require a volume to explain to the reader the various 
facts which establish the reality of these movements of land, whether 
of elevation or depression, whether accompanied by earthquakes or 
accomplished slowly and without local disturbance. Having treated 
fully of these subjects in the Principles of Geology J, I shall assume, 
in the present work, that such changes are part of the actual course 
of nature ; and when admitted, they will be found to afford a key to 
the interpretation of a variety of geological appearances, such as the 
elevation of horizontal, inclined, or disturbed marine strata, and the 
superposition of freshwater to marine deposits, afterwards to bo 
described. It will also appear, in the sequel, how much light the 

• In the first three editions of my opinion in the Phil. Trans. 1835, Part I. 
Prindples of Geoloj^y, I expreJ^sed many l^e also the Principles, 4th and subse- 
donbts as to the validity of the alleged quent editions. 

proofs of a gradual rise of land in f See his Journal of a Naturalist in 
Sweden ; but after visiting that countiy. Voyage of the Beagle, and his work on 
in 1834, 1 retracted these objections, and Coral Reefs. 

published a detailed statement of the t See chaps, xxvii. to xxxii. inclusive, 
observations which led me to altSr my and chap. 1. 
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doctrine of a continued subsidence of land may throw on the manner 
in which a series of strata, formed in shallow water, may have accu- 
mulated to a great thickness. The excavation of valleys also, and 
other effects of denudation^ of which I shall presently treat, can alone 
be understood when we duly appreciate the proofs, now on record, 
of the prolonged rising and sinking of land, throughout wide areas. 

To conclude this subject, I may remind the reader, that were we 
to embrace the doctrine which ascribes the elevated position of marine 
formations, and the depression of certain freshwater strata, to oscil- 
lations in the level of the waters instead of the land, we should be 
^ compelled to admit that the ocean has been sometimes every where 
much shallower than at present, and at others more than three miles 
deeper. 

Inclined stratification. — The most unequivocal evidence of a 
change in the original position of strata is afforded by their standing 
up perpendicularly on their edges, which is by no means a rare 
phenoraenon, especially in mountainous countries. Thus we find in 
Scotland, on the southern skirts of the Grampians, beds of pudding- 
stone alternating with tliin layers of fine sand, ail placed vertically 
to the horizon. When Saussure first ob- 
served certain conglomerates in a simi- 
lar position in the Swiss Alps, he re- 
marked that the pebbles, being for the 
most part of an oval shape, had their 
longer axes parallel to the planes of 
stratification (see fig. 61.). From this 
he inferred, that such strata must, at 
first, have been horizontal, each oval Vert.cal couBlomerate a»d sandstone. 

pebble having originally settled at the bottom of the water, with its 
fiattcr side parallel to the horizon, for the same reason that an egg 
will ^<^1' stand on cither end if unsupported. Some few, indeed, of 
the rounded stones in a conglomerate occasionally afford an exception 
to the above rule, for the same reason that we see on a shingle beach 
some oval or flat-sided pebbles resting on their ends or edges ; these 
having been forced along the bottom and against each other by a 
wave or current so as to settle in this jiosition. 

Vertical strata, when they can be traced continuously upwards or 
downwards for some depth, are almost invariably seen to be parts of 
great curves, which may have a diameter of a few yards, or of several 
miles. I shall first describe two curves of considerable regularity, 
which occur in Forfarshire, extending over a country twenty miles in 
breadth, from the foot of the Grampians to the sea near Arbroath. 

The mass of strata here shown may be nearly 2000 feet in thick- 
ness, consisting of red and white sandstone, and various coloured 
shales, the beds being distinguishable into four principal groups, 
namely. No. 1. red marl or shale; No. 2. red sandstone, used for 
building ; No. 3. conglomerate ; and No. 4. grey paving-stone, and 
tile-stone, with green and reddish shale, containing peculiar organic 
remains. A glance at the section will show that each of the forma- 
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tions 2, 3, 4, are repeated thrice at the 
surface, twice with a southerly, and once 
with a northerly inclination or dip, and 
the beds in No. 1., which are nearly 
horizontal, are still brought up twice by 
a slight curvature to the surface, once 
on each side of A. Beginning at the 
nortli-west extremity, the tile-stones and 
conglomerates No. 4. and No. 3. are ver- 
tical, and they generally form a ridgo 
parallel to the southern skirts of the, 
Grampians. The superior strata Nos. 2. 
and 1. become less and less inclined on 
descending to the valley of Strathmore, 
where the strata, having a concave 
bend, are said by geologists to lie in 
a “trough” or “basin.” Through the 
centre of this valley runs an imaginary 
line A, called technically a “synclinal 
line,” where the beds, which are tilted 
in opposite directions, may be supposed 
to meet. It is most important for the 
observer to mark such lines, for he will 
perceive by the diagram, that in travel- 
ling from tlie north to the centre of the 
basin, he is always passing from older 
to newer beds; whereas, after crossing 
the line A, and pursuing his course in 
the same southerly direction, he is con- 
tinually leaving the newer, and advanc- 
ing upon older strata. All the deposits 
which he had before examined begin 
then to recur in reversed order, until he 
arrives at the central axis of the Sidlaw 
hills, where the strata arc seen to form 
an arch or saddle, having an anticlinal 
line B, in the centre. On passing this 


line, and continuing towards the S. K., the formations 4, 3, and 2, are 
again repeated, in the same relative order of superposition, but with 
a southerly dip. At Whiteness (see diagram) it will be seen that the 
inclined strata arc covered by a newer deposit, a, in horizontal beds. 
These are composed of red conglomerate and sand, and are newer 
than any of the groups, 1, 2, 3, 4, before described, and rest uncon- 
formahlt/ upon strata of the sandstone group, No. 2. 

An example of curved strata, in which the bends or convolutions 
of the rock arc sharper and far more numerous within an equal space, 
has been well described by Sir James Hall.* It occurs near St. 


* Edin. Trans, rol. vu. pi 3. 
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Abb’s Head, on the east coast of Scotland, where the rocks consist 
principally of a bluish slate, having frequently a ripple-marked sur- 
face. The undulations of the beds reach from tiie top to the bottom 


Fig. G3. 



Curved stnita of slate near St. Abb's Head, Derurickshire. (Sir J. Hall.) 


of cliffs from 200 to 300 feet in height, and there are sixteem di.stinct 
bendings in the course of about six miles, the curvatures being alter- 
nately concave and convex upwards. 

An experiment was made by Sir James Hall, with a view of illu.'s- 
trating the manner in which such strata, assuming them to have been 
originally horizontal, may have been forced into their present position. 
A set of layers of clay were placed under a weight, and their oppo- 
site ends pressed towards each other with such force as to cause them 
to approach more nearly together. On tlie removal of the weight, 
the layers of clay were found to be curved and folded, so as to bear 
a miniature resemblance to the strata in the cliffs. We must, liow- 
cver, bear in mind, that in the natural section or sea-clitf we only 
see the foldings imperfectly, one part being invisible beneath the 
sea, and the other, or upper portion, being supposed to have been 
carried away by denudation^ or that action of water which will be 


Fig. 64. 



explained in the next chapter. The dai'k lines in the accompanying 
plan (lig. 64.) represent what is actually seen of the strata in part <>f 
the line of cliff alluded to; the fainter lines, that portion whicli is 

£ 
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concealed beneath the sen level, as also that which is supposed to 
have once existed above the present surface. 

\W may still more easily illustrate the effects which a lateral thrust 
niiirht produce on flexible strata, by placing several pieces of differ- 
ently coloured cloths upon a table, and when they are spread out hori- 

I'ig. 65. 



/.on tally, cover them with a book. Then apply other books to each 
end, and force them towards each other. The folding of the cloths 
will exactly imitate those of the bent strata. (See fig. 65.) 

AVhether the analogous flexures in stratified rocks have really been 
due to similar sideway movcinents is a question of considerable diffi- 
culty. It will appear when the volcanic and granitic rocks are de- 
scribed that some ot* them have, when melted, been injected forcibly 
into fissures, while others, already in a solid state, have been pro- 
frinled upwards through the incumbent crust of the earth, by which 
a groat displaccimmt of flexible strata must have been caused. 

But we also know by the study of regions liable to earthquakes, 
that there are causes at work in the interior of the earth capable ot 
jiroducing a sinking in of the ground, sometimes very local, but some- 
times extending over a wide area. The frequent repetition, or con- 
tinuance throughout long periods, of such downward moveimmt.s 
-eems to imply tlie formation and renewal of cavities at a certain 
depth below the surface, whether by the removal of matter by vol- 
c.anos and hot spring.-^, or by the contraction of argillaeijous rocks by 
lieat and pres.sure, or any other combination of circum.stances. What- 
ever conjectures wc may indulge respecting the causes, it is certain 
that pliable beds may, in consequence of nequal degrees of subsi- 
dence, become folded to any amount, and have all the ai>pearance ot 
having been compressed suddenly by a lateral thrust. 

Tlie “ Creeps,’* as they are called in coal -mini's, afford an excellent, 
illustration of this fact. — First, it may be stated generally, that the 
excavation of coal at a considerable dej th causes the mass of over- 
lying strata to sink down bodily, even when props are left to support 
the roof of the mine. “ In Yorkshire,” says Mr. Buddie, ‘‘ three dis- 
tinct subsidences were perceptible at the surface, after the clearing 
out of three seams of coal below, and innumerable vertical crai'ks 
were caused in the incumbent mass of sandstone and shale, which 
thus settled down.”* The exact amount of depression in these cases 
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can only be accurately measured where water accumulates on the 
surface, or a railway traverses a coal-field. 

When a bed of coal is worked out, pillars or rectangular masses 
of coal are left at intervals as props to support the roof, and protect 
the colliers. Thus in fig. 66., representing a section at Wallsend, 



Newcastle, the galleries which have been excavated are represented 
by the white spaces a 5, while the adjoining dark portions are parts 
of the original coal-seam left as props, beds of sandy clay or shale 
constituting the floor of the mine. When the props have been re- 

js 2 
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duced in size, they are pressed down by the weight of overlying rocks 
(no less than 630 feet thick) upon the shale below, which is thereby 
squeezed and forced up into the open spaces. 

Now it might have been expected, that instead of the floor rising 
up, the ceiling would sink down, and this effect, called a “ Thrust,” 
does, in fact, take place where the pavement is more solid than the 
roof. But it usually happens, in coal-mines, that the roof is com- 
posed of hard shale, or occasionally of sandstone, more unyielding 
than the foundation, which often consists of clay. Even where the 
argillaceous substrata are hard at first, they soon become softened 
and reduced to a plastic state when exposed to the contact of air and 
water in the floor of a mine. 

The first symptom of a “ creep,” says Mr. Buddie, is a slight cur- 
vature at the bottom of each gallery, as at a, fig. 66.: then the 
j)avement continuing to rise, l)egins to open with a longitudinal 
crack, as at b : then the points of the fractured ridge reach the roof, 
as at c ; and, lastly, the upraised bods close up the whole gallery, and 
the broken portions of the ridge are re-united and flattened at thcj 
top, exhibiting the flexure scon at d. Meanwhile the coal in the 
pl ops has become crushed and cracked by pressure. It is also found 
that below the creeps a, b, c, d, an inferior stratum, called the 
“ metal coal,” which is 3 feet thick, has been fractured at the points 
c, /, //, /<, and has risen, so as to prove that the upward movement, 
caused by the working out of the “ main coal,” has been propagated 
through a thickness of 51 feet of argillaceous beds, which intervene 
between the two coal seams. This same displacement has also been 
traced downwards more than 150 feet below the metal coal, but it 
grows continually less and less until it becomes imperceptible. 

No part of the process above described is more deserving of our 
notice than the slowness with which the change in the arrangement 
of th<i beds is brought about. Days, months, or even years, will 
sometimes elapse between the first bending of the pavement and the 
time of its reaching the roof. Where the movement has been most 
rapid, the curvature of the beds is most regular, and the reunion of 
the fractured ends most complete ; whereas the signs of displacement 
or violence are greatest in those creeps whi».h have required months 
or years for their entire accomplishment. Hence we may conclude 
that similar changes may have l^en wrought on a larger scale in the 
eartli’s crust by partial and gradual subsidences, especially where 
the ground has been undermined throughout long periods of time ; 
and we must be on our guard against inferring sudden violence, 
simply because the distortion of the beds is excessive. 

'Between the layers of shale, accompanying coal, we sometimes see 
the leaves of fossil ferns spread out as regularly as dried plants 
between sheets of paper in the herbarium of a botanist. These fern- 
ieaves, or fronds, must have rested horizontally on soft mud, when 
first deposited. If, therefore, they and the layers of shale are now 
inclined, or standing on end, it is obviously the effect of subsequent 
derangement. The proof becomes, if possible, still more striking 
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wfien these strata, including vegetable remains, are curved again and 
again, and even folded into the form of the letter Z, so that the same 
^•ontinuous layer of coal is cut through several times in the same 
perpendicular shaft, Tlius, in the coal-field near Mons, in Belgium, 

Fig 67. 


Zigaag 'flexures of coal near Mens. 

those zigzag bendings are repeated four or five times, in the manner 
ropnvsented in fig. 67., the black lines representing seams of coal.* 

Dip and Strike. — In the above remarks, several technical terms 
have been used, such as dip^ the unco7[formable position of strata, 
and the anticlmal and spjicMnal lines, which, as well as tlie strike of 
the bods, I shall now explain. If a stratum or bed of rock, instead 
of being quite level, be inclined to one side, it is said to dip; tlie 
[»oint of the compass to which it is inclined is called the point of dipy 
and the degree of deviation from a level or horizontal line is called 

the amount of dip, or the angle 
of dip. Thus, in the annexed 
w) diagram (fig. 68.), a series of 
strata arc inclined, and they dip 
to the north at an angle of forty - 
five degrees. The strike y or line 
<f hearing, is the jirulongation or extension of the strata in a direction 
at right angles to the dip ; and hence it is sometimes called the r/£- 
rtetion of the strata. Tlius, in tlie above instance of strata dipping 
to tlie north, their strike must necessarily be east and w(*.st. Wo 
have borrowed the word from the German geologists, streichen sig- 
nifying to extend, to have a certain direction. Dip and strike may 
be aptly illustrated by a row of houses running east and west, the 
long ridge of the roof representing the strike of the stratum of slates, 
wliich dip on one side to the north, and on the other to the south. 

A stratum which is horizontal, or quite level in all directions, has 
neither dip nor strike. 

It is always important for the geologist, who is endeavouring to 
comprehend the structure of a country, to learn how the beds dip in 
I very part of the district; but it requires some practice to avoid 
being occasionally deceived, both as to the point of dip and the 
amount of it. 

* Sec plan by AL Chevalier, Burnt’s D’Aiibuisson, tom. ii. p. 334. 
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If the upper surface of a hard stony stratum be uncovered, whether 
artificially in a quarry, or by the waves at the foot of a cliff, it is 
easy to determine towards what point of the compass the slope is 
steepest, or in what direction water would flow, if poured upon it. 
This is the true dip. Hut the edges of highly inclined strata may 
give rise to perfectly horizontal lines in the face of a vertical cliff, if 
the observer see the strata in the line of their strike, the dip being 
inwards from the face of the cliff. If, however, we come to a break 
in the cliff, which exhibits a section exactly at right angles to the 
line of the strike, we are then able to ascertain the true dip. In the 
annexed drawing (fig. 69.), we may suppose a headland, one side of 

Flif. fiO. 



Apparent horizontdlity of inclined strata. 


whicli faces to the north, where the beds would appear perfectly 
horizontal to a person in the boat; while in the other side facing the; 
Avest, th(5 true dip would be seen by the person on shore to be at an 
angle of *1(F. If, therefore, our observations are confined to a vertical 
precipice facing in one direction, we must endeavour to find a ledge 
or portion of the plane of one of the beds projecting beyond the 
others, in order to ascertain the true dip. 


If not provided w'ith a clinometer, a most useful instrument, wlien 
it is of consequence to determine with precision the inclination of the 
strata, the observer may measure the angle within a few degrees hy 
F'i?-70. standing exactly op])oaite to a cliff where 



the true dip is exhibited, bolding the 
hands immediately before the eyes, and 
placing the fingers of one in a perpen- 
dicular, and of the other in a horizontal 
position, as in fig. 70. It is thus easy 
to discover whether the lines of the in- 
clined beds bisect the angle of 90®, formed 
by the meeting of the hands, so as to give 
an angle of 45°, or whether it would di- 
vide the space into two equal or unequal 


portions. The upper dotted line may express a stratum dipping to 
tiie north ; but should the beds dip precisely to the opposite point of 
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the compass as in the lower dotted line, it will be seen that the amount 
of inclination may still be measured by the hands with equal facility. 

It has been already seen, in describing the curved strata on the 
east coast of Scotland, in Forfarshire and Berwickshire, that a series 
of concave and convex bendings are occasionally repeated several 
times. These usually form part of a series of parallel waves of 
strata, which aro prolonged in the same direction throughout a con- 
siderable extent of country. Thus, for example, in the Swiss Jura, 
that lofty chain of mountains has been proved to consist of many 
parallel ridges, with intervening longitudinal valleys, as in fig. 71., 
the ridges being formed by curved fossiliferous strata, of \vhicli 
the nature and dip are occasionally displayed in deep transverse 
gorges, calhid cluses,” caused by fractures at right angles to the 
direction of the chain.* Now let us suppose these ridges and parallel 
V alley .s to run north and south, we should then say that the strike of 
the beds is north and south, and the dip oast and west. Line^ 
drawn along the summits of the ridges, A, B, would be anticlinai 
lines, and one following the bottom of the adjoining valleys a syn- 
clinal line. It will be observed that some of these ridges, A, B, ar<* 
unbroken on the summit, whereas one of them, C, has been fraoturcMl 
along the line of strike, and a portion of it carried away by d(»niul- 
ation, so that the ridges of the beds in the formations «, b, c, 


Fig. 71. 



Svciloii iilustruliiig the utructurt; uf the Swiss Jura. 


Fig. 72. Fig. 73. 



(iiuunil plan of the deimdeil ridge C, iig. 71. 


out to the day, or, as the miners 
say, crop out, on the sides of a 

J valley. The ground plan of such 

1 a denuded ridge as C, as given 

2 in a geological map, may be ex- 

1 pressed by the diagram lig. 72.. 

2 and the cross section of tlie same 
by lig. 73. The line D E, fig. 72., 
is the anticlinal line, on each sid< 


• Sco M. Thurmann’s work, “Essai ren tray, Paris. 1832,” with whom I e.x- 
siir Ics boulevemcns Jurassiques dii Por- uiiiiiicd part of these mountains in 1835. 
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of wliicli the dip is in opposite directions, as expressed by the 
} arrows. TTie emergence of strata at the surface is called by miners 
their out -crop or basset 

li\ instead of being folded into parallel ridges, the beds form a 
boss or dome-shaped protuberance, and if we suppose the summit 
of the dome carried olh the ground plan would exhibit the edges of 
the strata forming a succession of circles, or ellipses, round a com- 
mon centre. These circles are the lines of strike, and the dip being 
always at right angles is inclined in the course of the circuit to every 
point of the compass, constituting what is termed a qua-quaversal 
dip — that is, turning each way. 

There are endless variations in the figures described by the basset- 
edges of the strata, according to the dilferent inclination of the beds, 
and the mode in which they happen to have been denuded. Oii? of 
the simplest rules with wliich every geologist should be acquainted, 
relates to the V-like form of the beds as they crop out in an ordinary 
valley. First, if the strata bo horizontal, the V-like form will be 
aUo on a level, and tlie newest strata will appear at the greatest 
heights. 

Secondly, if the beds be inclined and intersected by a valley 
sloping in the same direction, and the dip of the beds be less steep 
than the slope of the valley, then the V’s, as they are often termed 
by miners, will point upwards (see fig. 74.), those formed by the 

newer beds appearing in 
a superior position, and 
extending liighest up the 
valley, as A is sc(*n above 
B. 

Thirdly, if the dip of 
the beds be steeper than 
the slope of the valley, 
then the V’s will point 
downwards (see fig. To.), 
and those formed of the 
older beds will now a})peiir 
uppermost, as 13 appears 
above A. 

Fourthly, in every case 
where the strata dip in a 
contrary direction to the 
slope of the valley, what- 
ever bo the angle of in- 
clination, the newer beds 
will appear tlie highest, 
as in the first and second 
cases. This is shown by 
the drawing (fig. 76.), 
which exhibits strata ris- 
ing at an angle of 20'’, 


Fig. 74. 



Slope of vall»*y 40'^, clip of strat.i 2(P. 
Fig 75 



Slope of valley dip of itraia 50^. 



Ch. V.] 


ANTICLINAL AND SYNCLINAL LINES. 


57 


and crossed by a valley, 
which declines in an oppo- 
site direction at 20®.* 
These rules may often 
bo of great practical uti- 
lity ; for the different de- 
grees of dip occurring in 
the two cases iv.presented 
in figures 74 and 75. may 
occasionally be encoun- 
tered in following the same 
line of flexure at points 
a few miles distant from 

Mope of «lley dip of .tr«U 20o. In opposite direction., ^ 

ac([uainted with the rule, who had first explored the valley (fig. 
74.), may hsivc sunk a vertical shaft below the coal seam A, until 
he reached the inferior bed B. He might then pass to the valley 
lig. 75 ., and discovering there also the outcrop of two coal seam^ 
might begin his workings in the uppermost in the expectation of 
coming down to tlie other bed -A, which would be observed cropping 
out lower down the valley. But a glance at the section will demon- 
strate the futility of such hopes. 

In the majority of cases, an anticlinal axis forms a ridge, and a 
synclinal axis a valley, as in A, B, fig. 62. p. 48, ; but there ai*e 
Fig. 77. exce|)tions to this rule, the beds sometimes 




sloping inwards from either side of a moun- 
tain, as m fig. 77. 

On following one of the anticlinal ridges 
of the Jura, before mentioned. A, C, fig. 
71., wo often discover longitudinal cracks 
and sometimes large fissures along the line 


where the flcixiire was greatest. Some of these, as above stated, 


have been enlarged by denudation into valleys of considerable width, 
as at C, fig. 71., which follow the line of strike, and which we may 
Mipposc to have been hollowed out at the time when these rocks were 
still beneath the level of the .sea, or perhaps at the period of their 
gradual emergence from beneath the waters. The existence of such 
cracks at the point of the sharpest bending of solid strata of limestone 
is y)rccisely what we should have expected ; but the occasional 
want of all similar signs of fracture, even where the strain has been 
greatest, as at a, fig. 71., is not always ea.sy to explain. We must 
imagine that many strata of limestone, chert, and otlier rocks which 
are now brittle, were pliant when bent into their present position. 


^ T .am indebted to the kindness of originals, turning them about in different 
T. Sopwith, Esq., for tlireo models which w'ays, he would at once comprehend their 
1 have copied in the above diagrams ; meaning ns well as the imjMit of others 
but the beginner may find it by no nicans far more complicated, w'hich the same 
easy to understand such copies, although, engineer has constructed to illustrate 
if he were to examine and handle the faults. 
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They may have owed their flexibility in part to the fluid matter 
which they contained in tlieir minute pores, as before described 
(p. 35.), and in part to the permeation of sea- water while they were 
yet submerged. 

At the western extremity of the Pyrenees, great curvatures of the 
strata are seen in the sea cliffs, where the rocks consist of marl, grit, 
and chert. At certain points, as at fig. 78., some of the bendings 

Fig. 78. 



of the flinty chert are so sharp, that specimens might bo broken off, 
well fitted to serve as ridge-tiles on the roof of a house. Althougli 
this chert could not have been brittle as now, when first folded into 
thi.s shape, it presents, nevertheless, here and there at the points of 
greatest flexure small cracks, which show that it was solid, and not 
wholly incapable of breaking at the period of its displacement. The 
numerous rents alluded to are not empty, but filled with calcedony 
and quartz. 

Between San Catcrina and Castrogiovanni, in Sicily, bent and 
undulating gypseous marls occur, with here and there thin beds of 

solid gypsum interstrati tied. Sometimes 
these solid layers liave been broken into 
detached fragments, still preserving their 
sharp edges (g g, fig, 79.), while the con- 
tinuity of the more pliable and ductile 
marls, m wi, has not been interrupted. 

I shall conclude iny ixjmarks on bent 
strata by stating, that, in mountainous 
regions like the Alps, it is often diilicult 
for an experienced geologist to determine correctly the relative age 
of beds by superposition, so often have the strata been folded back 
upon themselves, the upper parts of the curve having been removed 
by denudation. Thus, if we met with the strata seen in the section 
fig. 80., we should naturally suppose that there were twelve distinct 

beds, or sets of beds, No. 1. being the 
newest, and No. 12. the oldest of the 
series. But this section may, perhaps, 
exhibit merely six beds, which have 
been folded in the manner seen in 
fig. 81., so that each of them is twice repented, the position of one 
half being reversed, and part of No. 1., originally the uppermost, 
haying now become the lowest of the series. These phenomena an* 
ohen observable on a magnificent scale in certain regions in Switzer- 
land in precipices from 2000 to 3000 feet in perpendicular height. 
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'In tlio Tscltcn Alp, in the valley of the Lutschine, between Untcrseeii 
and Grindelwald, curves of calcareous shale are seen from 1000 to 
1500 feet in height, in which the beds sometimes plunge down ver- 
tically fur a depth of 1000 feet and more, before they bend round 


Fig. 82. 



Curred strata of the Iselten Alp. 


again. There are many flexures not inferior in dimensions in the 
Tyrt'iiccs, as those near Gavarnie, at the base of Mont Perdu. 

Tlnconforniablc are said to be unconform- 

able, when one scries is so placed over another, that the planes of the 
superior repose on the edges of the inferior (see fig. 83.). In this 

Fig. 83. 


d 


I'liconformable Junction of old r«! nuiid^tonf and Silurian jcKUi at the Siccar Point, near St Abt » 
Head, BerwiciHhIre. Si‘c also I-ronli^piece. 

case it is evident that a period had eIap?od between the production 
of the two sets of strata, and tliat, during this interval, the older 
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series had been tilted and disturbed. Afterwards the upper series 
was thrown down in horizontal strata upon it. If these superior 
beds, as d, iig. 83., are also inclined, it is plain that the lower 
strata, a, a, have been twice displaced ; first, before the deposition of 
the newer beds, d, d, and a second time when these same strata were 
thrown out of the horizontal position. 

Playfair has remarked* that this kind of junction which we now 
call unconform.'ible had been described before the time of Hutton, 
but that he was tlie first geologist who appreciated its importance, as 
illustrating the high antiquity and great revolutions of the globe. 
He had observed that where such contacts occur, the lowest beds of 
tlie newer series very generally consist of a breccia or conglomerate 
consisting of angular and rounded fragments, derived from the break- 
ing up of the more ancient rocks. On one occasion the Scotch 
geologist took his two distinguished pupils, Playfair and Sir Janies 
If all, to the cliffs on the east coast of Gotland, near the village of 
Eyemouth, not far from St. Abb’s Hoad, whore the schists of the 
Lammertnuir range are undermined and dissected by the sea. Here 
the curved and vertical strata, now known to be of Silurian age, and 
which often exhibit a ripple-marked surface, arc well cxj)os(.‘d at 
the headland called the Siccar Point, penetrating with their edges 
into the incumbent beds of slightly inclined sapdstono, in which large 
pieces of the schist, some round and others angular, are united by an 
arenaceous cement. “ What clearer evidence,*’ exclaims Playfair, 

could we have had of the different formation of those rocks, and of 
the long interval which separated their formation, had we actually 
seen them emerging from the bosom of the deep ? We felt ourselves 
necessarily carried back to the time when the schistus on which wo 
stood was yet at the bottom of the sea, and when the sandstone before 
us was only beginning to be deposited in the shape of sand or mur 
from the waters of a superincumbent ocean. An epoch still more 
remote presented itself, when even the most ancient of thes(‘, rocks, 
instead of standing upright in vertical beds, lay in horizontal plam*s 
at the bottom of the sea, and was not yet disturbed by that immea- 
surable force which has burst asunder the solid pavement of th»? 
globe. Revolutions still more remote appeared in the distance of 
this extraordinary perspective. The mind seemed to grow giddy by 
looking so hir into the abyss of time ; and while we listened with 
earnestness and admiration to the philosopher who was now unfold- 
ing to us the order and series of these wonderful events, we became 
sensible how much farther reason may sometimes go than inmgina- 
tion can venture to follow.” f 

In the annexed illustration (fig. 83 A), the reader will see a view of 
this classical spot, reduced from a large picture, faithfully drawn and 
coloured from nature by the youngest son of tlie late Sir James Hall. 
It was impossible, however, to do justice to the original sketch, in an 

* Biographiral accoant of Dr. Hutton. 

t Playfair, ibid.; see his Works, Edin. 1822, vol. iv. p. 81. 
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engraving, as the contrast of the red sandstone and the light fawn- 
coloured vertical schists could not be expressed. From the point of 
view here selected, the underlying beds of the perpendicular schist, o, 
are visible at h through a small opening in the fractured beds of the 
covering of red sandstone, d while on the vertical face of the old 
schist at a' of' a conspicuous ripple-mark is displayed. 

It often happens that in the interval between the deposition of two 
sets of unconformable strata, the inferior rock has not only been 
denuded, but drilled by perforating shells. Tims, for example, at 
Autreppe and Gusigny, near Mons, beds of an ancient (primary or 


Fig. 81. 



Junction of uiiconfornittble ftrata near Mons, in Belgium. 


paleozoic) limestone, highly inclined, and often bent, are covered with 
Ijorizontal strata of greenish and whitish marl& of the Cretaceous 
ibrmation. The lowest and therefore the oldest bed of the horizontal 
scries is usually the sand and conglomerate, a, in which are rounded 
fragments of stone, from an incli to two feet in diameter. These frag- 
ments have often adhering shells attached to them, and have been 
bored by perforating mollusca. The solid surface of the inferior 
limestone has also been bored, so as to exhibit cylindrical and pear- 
shaped cavities, as at <?, tlic work of saxicavous mollusca; and many 
rents, as at />, which descend several feet or yards into the limestone, 
have b(>en filled with sand and shells, similar to those in the stratum a. 

Fractures of the strata and faults , — Numerous rents may often be 
seen in rocks which appear to have been simply broken, the sepa- 
rated parts remaining in the same places ; but we often find a fissure, 
several inches or yards wide, intervening between the disunited por- 
tions. These fissures are usually filled with fine earth and sand, or 
with angular fragments of stone, evidently derived from the fracture 
of the contiguous rocks. 

It is not uncommon to find the mass of rock, on ono side of a 
fissure thrown up above or down below the mass with which it was 
once in contact on the other side. “This mode of displacement is 
calk'd a shift, slip, or fault. “ The miner,” says Playfair, describing a 
fault, “is often perplexed, in his subterraneous journey, by u derange- 
ment in the strata, which changes at once all those lines and bearings 
which had hitherto directed his course. Wlien liis mine reaches a 
certain plane, which is sometimes perpendicular, as in A B, fig. 85., 
sometimes oblique to the horizon (as in C D, ibid.), he finds the beds 
of rock broken asunder, those on the one side of the jdane having 
changed their place, by sliding in a particular direction along tJjc 
face of the others. In this motion they have sometimes preserved 
tlieir parallelism, as iu fig. 85., so that the strata on each side of the 
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Faulti. A B perpendicular, C D oblique to the horlaon. 

faults A B, C D, continue parallel to one another ; in other cases, thq 
strata on each side are inclined, as in a, A, c, d (fig. 86.), though 


Fig. 86. 



their identity is still to be recognized by their possessing the same 
thickness and the same internal characters.”* 

In Coalbrook Dale, says Mr. Prestwich f, deposits of sandstone, 
shale, and coal, several thousand feet thick, and occupying an area 
of many miles, have been shivered into fragments, and the broken 
remnants have been placed in very discordant positions, often at 
l(*vels differing several hundred feet from each other. The sides of 
the faults, when perpendicular, are commonly separated several yards, 
but are sometimes as much as 50 yards asunder, the interval being 
tilled with broken debris of the strata. In following the course of 
the same fault it is sometimes found to produce in different places 
^ery unequal changes of level, tlie amount of shift being in one place 
oOO, and in another 700 feet, which arises, in some cas(»s, from the 
union of two or more fiiults. In other words, the disjointed strata 
have in certain districts been subjected to renewed movements, which 
they have not suffered elsewhere. 

AVe may occasionally see exact counterparts of these slips, on a 
.small scale, in pits of loose sand and gravel, many of which have 
doubtless been caused by the dryin;” and shrinking of argillaceous 
and other beds, slight subsidences having taken place from failure 
of support. Sometimes, however, even these small slips may have 
been produced during earthquakes ; for land has been moved, and its 
Jcvel, ndatively to the sea, con.siderably altered, within the period 
when much of tljo alluvial sand an 1 gravel now covering the surface 
of continents was di posited. 


* Playfair, Illust. of Hutt. Theory, t Gcol. Trans, second scries, vol. v, 
§ 42. ' p. 452. 
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I have already stated that a geologist must be on his guard, in a 
region of disturbed strata, against inferring repeated alternations of 
rocks, when, in fact, the same strata, once continuous, have been 
bent round so as to recur in the same section, and with the same dip. 
A similar mistake has often been occasioned by a series of faults. 

If, .for example, the dark line A II (fig. 87.) represent the surface 
of a country on which the strata ahe frequently crop out, an observer, 


Fig. 87. 



Appiurent alternations of strata caused by vertical faults. 


who in proceeding from H to A, might at first imagine that at every 
step he was approaching new strata, whereas the repetition of the 
}?ame bods has been caused by vertical faults, or downthrows. Thus, 
suppose the original mass, A, B, C, I), to have been a sot of uniformly 
inclined strata, and that the diilerent masses under E F, F G, and 
G 1), sank down successively, so as to leave vacant the spaces marked 
in tlie diagram by dotted lines, and to occupy tliosc marked by the 
continuous lines, then let denudation take place along the line A H, 
so tliat the protruding inas.ses indicated by thebiinter lines are swept 
away, — a miner, who lias not discovered the faults, finding the mass 
(t, which we will suppose to be a bed of coal four times repeated, 
iniglit hope to find four l)ed.s, workable to an indefinite depth, hut 
first on arriving at the fault G he is stopped suddenly in his workings, 
U])on reaching the strata of sandstone c, or on arriving at the line of 
fault F ho comes partly upon the shale and partly on the sandstone 
c, and on reaching E ho is again stopped by a wall composed of the 
rock d. 

The very different levels at which the separated parts of the same 
strata are found on the difiiTcnt sides of the fissure, in some faults, 
is truly a.stonishing. One of the most celehrated in England is that 
called the “ ninety-fathom dike,” in tlic coal-field of Newcastle. This 
name has been given to it, bccau.se the same beds are ninety fathoms 
lower on the northern than they, are on the southern side. The 
fissure has been filled by a body of sand, \vhich is now in the state 
of sand.stonc, and is called the dike, which is sometimes very narrow, 
but in other places more than twenty yards wide. * The walls of the 


Conybearc and Phillips, Outlines, &c. p. 376. 
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fissure are scored by grooves, such as would have been produced if 
the broken ends of the rock had been rubbed alodg the plane of the 
fault.* In the Tynedalo and Craven faults, in the north of England, 
the vertical displacement is still greater, and the fracture has ex- 
t(‘nded in a horizontal direction for a distance of thirty miles or more. 
Some geologists consider it necessary to imagine that the upward or 
downward movement in these cases was accomplished at a single 
stroke, and not by a series of sudden but interrupted movements. 
This idea appears to have been derived from a notion that tlie grooved 
walls have merely been rubbed in one direction. But this is so far 
from being a constant phenomenon in faults, that it has often been, 
objected to the received theory respecting those polished surfaces 
called “slickensides** that the strim are not always parallel, but 
often curved and irregular. It has, moreover, been remarked, that 
not only the walls of the fissure or fault, but its earthy contents, 
sometimes present the same polished and striated faces. Now 
these facts seem to indicate partial changes in the direction of the 
movement, and some slidings subsequent to the first filling up of 
the fissure. Suppose the mass of rock A, B, C, to overlie an ex- 
tensive chasm d c, formed at the depth of several miles, whether by 

Fig. 88. 

ABC 






the gradual contraction in bulk of a melted mass passing into a soli<l 
or crystalline state, or the shrinking of argillaceous strata, baked by a 
moderate heat, or by the subtraction of matter by volcanic action, or 
any otlier cause. Now, if this region be convulsed by earthquakes, 
the fissures y and others at right angles to them, may sever the 
mass B Irom A and from C, so that it may move freely, and begin 
to sink into the chasm, A fracture may be conceived so clean and 
perfect as to allow it to subside at once to the bottom of the subter-' 
ranean cavity ; but it is far more probable that the sinking will be 
eflected at successive periods during different earthquakes, the mass 
always continuing to slide in the same direction along the planes of 
the fissures and the edges of the falling mass being continually 
more broken and triturated at each convulsion. Ii; us is not im- 
jirobable, the circumstances which have caused the failure of support 
continue in operation, it may happen ‘hat when the mass B has filled 
the cavity first formed, its foundations will again give way under it, 
so that it will fall again in the same direction. But, if the drrectioii 
sliould change, the fact could not be discovered by observing the 
slickensiiles, because the last scoring would efface the lines of pre- 
vious friction. In the present su te of our ignorance of the causes 
of subsidence, an hypothesis which can explain the great amount of 
displacement in some faults, on sound mechanical principles, by a 
♦ Thillips, Geology, Lardner’s Cyclop, p. 41 . 
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succession of movements, is far preferable to any theory which as- 
sumes each fault to have been accomplished by a single upcast or 
downthrow of several thousand feet. For we know that there are 
operations now in progress, at great depths in the interior of the 
earth, by 'which both &rge and small tracts of ground are made to 
rise above and sink below their former level, some slowly and in- 
sensibly, others suddenly and by starts, a few feet or yards at a time ; 
whereas there are no grounds for believing that, during the last 3000 
years at least, any regions have been either upheaved or depressed, 
at a single stroke, to the amount of several hundred, much less several 
thousand feet. When some of the ancient marine formations ar<> 
described in the secpiel, it will appear that their structure and 
organic contents (the fossils often belonging exclusively to shallow- 
water species and genera) point to the conclusion, that the floor of 
the ocean was slowly sinking at the time of their origin. The down- 
ward movement was very gradual, and in Wales and the contiguous 
parts of England a maximum thickness of 32,(XX) feet (more tJian 
six miles) of Carboniferous, Devonian, and Silurian rock was formcMi. 
whilst the bed of the sea was all the time continuously and tran- 
quilly subsiding.* Whatever may have been the changes which tin* 
solid foundation underwent, whether accompanied by the melting, 
consolidation, crystallization, or desiccation of subjacent mineral 
matter, it is clear from the fact of the sea having remained shallow 
all the while that the bottom never sank down suddenly to the depth 
of many hundred feet at once. 

Tt is by assuming such reiterated variations of level, each separately 
of small vertical amount, but multiplied by time till they acquire im- 
portance in tlfo aggregate, that we are able to explain the phenomena 
of denudation, which will be treated of in the next chapter. By such 
movements, every portion of the surface of the land becomes in its 
turn a line of coast, and is exposed to the action of the waves and 
tides. A country which is undergoing such movement is never 
allowed to settle into a state of equilibrium, therefore the force of 
rivers and torrents to remove or excavate soil and rocky masses is 
sustained in undiminishod energy. 

• Sec the results of the “ Geological Survey of Great Britain ; ” Memoirs, vols. i. 
and ii., by Sir H. De la Beclie, Mr. A. C. Ramsay, and Mr. John Phillips. 
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CHAPTER VI. 

DENUDATION. 

Dcmulaiion defined — Its amount equal to the entire mass of stratified deposits in 
the earth’s crust — Horizontal sandstone denuded in Boss-shiro — Levelled surface 
of countries in which great faults occur — Coalbrook Dale — Denuding power of 
the ocean during the emergence of land — Origin of Valleys — Obliteration of sca- 
ciilfs — Inland sea-clifis and terraces in the Morca and Sicily — Limestone pillars 
at St. Mihiel, in France — in Canada — in the Bermudas. 

Denudation, which has been occasionally spoken of in the preceding 
chapters, is the removal of solid matt(*r by water in motion, wliether of 
rivers or of the waves and currents of the sea, and the consequent lay- 
ing bare of some inferior rock. Geologists have perhaps been seldom 
ill the habit of reflecting that this operation has exerted an iiifluenet* 
oil the structure of the earth’s crust as universal and important as 
sedimentary deposition itself; for denudation is the inseparable ac- 
eoinpanimcnt of the production of all new strata of mechanical origin. 
The formation of every new deposit by the transport of sediment and 
])ehblos necessarily implies that there has been, somewhere else, a 
grinding down of ro<*k into rounded fragments, sand, or mud, equal in 
quantity to the now strata. All deposition, therefore, except in the caM'* 
of a sliower of volcanic ashes, is the sign of superfleial waste going on 
contemporaneously, and to an equal amount elsewhere.' The gain at 
one point is no more than suflicient to balance the loss at some other. 
Here a lake has grown shallower, there a ravine lias beini d(»(‘pen(»d. 
Tlie bed of the sea has in one region been raised by the accumulation 
‘)f new matter, in another its depth has been augmented by the* 
abstraction of an equal quantity. 

When we see a stone building, we know that somewhere, far or 
near, a quarry has been opened. The courses of stone in the building 
may be compared to successive strata, the (juarry to a ravine or valley 
which has siiflfered denudation. As the strata, like the courses of 
hewn stone, have been laid one upon another gradually, so the ex- 
<*avatiori both of the valley and quarry have been gradual. To pursue 
the C(»mparison still farther, tlie supe^'flcial heaps of mud, sand, and 
gravel, usually called alluvium, may he likened to the rubbish of a 
<|uarry which has liecn rejected as useless by the workmen, or has 
fallen upon the road between the quarry and the building, so as to 
lie scattered at random over the ground. 

If, then, the entire mass of stratified deposits in the earth’s crust 
is at once the inonnment and measure of the denudation whicli lias 
taken place, on liow stupendous a scale ought we to find the signs of 
this removal of transported materials in past ages ! Accordingly, 
thi.rc are difierent classes of phenomena, which attest in a most 
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striking manner the vast spaces left vacant by the erosive power of 
water. 1 may allude, first, to those valleys on both sides of which 
the same strata are seen following each other in the same order, find 
liaving the same mineral composition and fossil contents. We may 
observe, for example, several formations, as Nos. 1, 2, 3, 4, in the 
Fig. 89 . accompanying diagram (fig. 89.); No. !• 

conglomerate, No. 2. clay. No. 3. grit, and 
No. 4. limestone, each repeated in a series 
of hills separated by valleys varying in 
depth. When w’e examine the subordi- 
nate parts of these four formations, we 
find, in like manner, distinct beds in each 
corresponding, on the opposite sides of the valleys, both in compo- 
sition and order ol* position. No one can doubt that the strata were 
originally continuous, and that some cause has swept away the por- 
tions whicli once connected the whole series. A torrent on the side 
«)f a mountain produces similar interruptions; and when we make 
artificial cuts in lowering roads, we expose, in like manner, corre 
spending beds on either side. But in nature, these appearances occur 
in mountains several thousand feet high, and separated by intervals 
of many miles or leagues in extent, of which a grand exomplilication 
is described by Dr. Alacculloch, on the iiortli-western coast of Koss- 
shiro in Scotland.* 


Valleys of denudation. 
a. alluvium. 


Fig. 90. 


Suil Vtiinn. 


Coul bt'g. 


Coiil more. 



Di'iiudiition of red sandstone on north>west coast of Ross-shirr. (Macculloch.) 

The fundamental rock of that country is gmuss, in disturbed strata, 
oil wliich beds of nearly horizontal red sandstone rest unconformably. 
Hie latter are often vervlliin, forming mere flags, with their surfac(‘s, 
distinctly ripple-niarkcd. They end abruptly on tlie d(‘clivities of 
many insulated mountains, which rise up at once to the height of 
about 2000 feet above the gneiss of the survovi riding plain or table 
land, and to an average elevation of about 3000 feet above* tlie sea, 
which all tlieir siiminits generally attain. TJic base of gneiss varies 
ill height, so tliat the lower portions of the sandstone occupy different 
lev(*ls, and the thickness of the mass is various, sometimes exceeding 
3000 feet. It is iinpossibh* to compare these scatt(*red and detached 
jiortions Avithout imiigining that the whole eonntry has once been 
» over(*d with a great bcnly of sandstone, and that masses from 1000 
to more lluiii 3000 feet in thickness have be(*ii nunoved. 

In the “ Survey of Great Britain ” (vol. i.), Professor Ramsay 
has shown that the missing beds, removeil from the summit of the 
]\Ieiidips, must have been nearly a mile in thickness ; and lie lias 
pointed out considerable areas in South Wales and some of the ad- 


♦ Wostern Islands, voL ii. p. 9.3. pi. 31. fig. 4. 
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jacent counties of England, where a series of primary (or palaeozoic) 
strata, not less than 11,000 feet in thickness, have been stripped off. 
All these materials have of course been transported to new regions, 
and have entered into the composition of more modern formations. On 
the other hand, it is shown by observations in the same “ Survey,” that 
the palaeozoic strata are from 20,000 to 30,000 feet thick. It is clear 
that such rocks, formed of mud and sand, now for the most part 
consolidated, are the monuments of denuding operations, which took 
})hice on a grand scale at a very remote period in the earth’s history. 
For, what(‘ver has been given to one area must always have beem 
borrow^ed from another ; a truth which, obvious as it may seem when « 
thus stated, must be repeatedly impressed on the student’s mind, 
because in many geological speculations it is taken for granted that 
the external crust of the earth has been always growing thicker in 
consequence of the accumulation, period after period, of sedimentary 
matter, as if the new strata were not always produced at the expense 
of pre-existing rocks, stratified or unstratiiled. By duly reflecting 
on the fact, that all deposits of mechanical origin imply the trans- 
portation from some other region, whether contiguous or remote, of 
an equal amount of solid matter, wo perceive that the stony exterior 
of the planet must always have grown tJiinner in one place, wheiK'Vcr, 
by accessions of new strata, it was acquiring thickness in another. 
No doubt the vacant space left by the missing rocks, after extensive 
denu<]ation, is less imposing to the imagination than a vast tliicknoss 
of conglomerate or sandstone, or the bodily presence as it were of a 
mountain-chain, with all its inclined and curved strata. But the 
denuded tracts speak a clear and emphatic language to our reason, 
and, like repeated layers of fossil nummulites, corals or shells, or 
like numerous seams of coal, each based on its under-clay full of tlu' 
roots of trees, still remaining in their natural position, demand an 
indefinite lapse of time lor their elaboration. 

No one will maintain that the fossils entombed in these rocks did 
nut belong to many successive generations of plants and animals. 

In like manner, each sedimentary deposit attests a slow and gradual 
action, and the strata not only serve as a measure of the amount 
of denudation simultaneously efiected elsewhere, but are also a cor- 
r(*ct indication of the rate at which the denuding operation was 
carried on. 

Perhaps the most convincing evidence of denudation on a mag- 
nificent scale is derived from the levelled surfaces of districts where 
large faults occur. I have shown, in fig. 87. p. 63., and in fig. 91., 
how angular and protruding masses of rock might naturally have 
been looked for on the surface immediately above great faults, al- 
though in fact they rarely exist. This phenomenon may be well 
studied in those districts where coal has been extensively worked, for 
there the former relation of the beds which have shifted their position 
may be determined with great accuracy Thus in the coal field of 
Ashby de la Zouch, in Leicestershire (see fig. 91.), a fault occurs, on 
one aide of which the coal beds abed rise to the height of 500 feet 
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Faults and denuded coal strata. Ashby de la Zouch. (Maininatt.) 


above the corresponding beds on the other side. But the uplifted 
strata do not stand up 500 feet above the general surface ; on tlic* 
contrary, the outline of the country, as expressed by the line z 2 , is 
uniformly undulating without any break, and the mass indicated by 
the dotted outline must have been washed away.* There are proofs 
of this kind in some level countries, where dense masses of strata 
have been cleared away from areas several hundred square miles in 
extent. 

In the Newcastle coal district it is ascertained that faults occur in 
wliicli the upward or downward movement could not huv(5 been less 
than 140 fatlioms, whicli, had they affected the configuration of the 
Mirface to an equal umoiuit, would produce mountains with pre- 
cipitous escarpments nearly 1000 feet higli, or chasms of the like 
depth ; y(?t is the actual level of the country absolutely uniform, 
affording no trace whatever of subterranean movements.t 

The ground from 'which these inatiTials have been removed is 
usually overspread with licaps of sand and gravel, formed out of the 
ruins of the very rocks which have disappeared. Thus, in the dis- 
tricts above referred to, they consist of rounded and angular frag- 
ments of hard sandstone, limestone, and ironstone, with a small 
cpiantity of the more destructible shale, and even rounded pieces of 
coal. 

Allusion has been already made to the shattered state and dis- 
cordant jiosition of' the carboniferous strata in Coalbrook Dale 
(p. 62.). The collier cannot proceed tliree or four yards without 
meeting with small slips, and from time to time lie encounters faults 
of considerable magnitude, which have thrown the rocks up or 
ilown several hundred feet. Yet the superficial inequalities to which 
tlicse dislocated masses originally gave rise are no longer discernible, 
and the comparative flatness of the existing surface can only he 
explained, as Mr. Prestwich has observed, by supposing the frac- 
tured portions to have been removed by water. It is also clear that 
strata of red sandstone, more than 1000 feet thick, which once 
rovered the coal, in the same region, have been carried away from 
large areas. That water has, in this case, been the denuding agent, 
we may infer from the fact that the rocks have yielded according to 

• See Mammatt’s Geological Tacts, + Conyhearc’s Report to Ihit. Assoc. 
&c. p. 90. and plate. 1842, p. 381. 
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tlioir clifforciit degrees of hardness; the hard trap of the Wrokin, for 
example, and other hills, having resisted more than the softer shale 
and sandstone, so as now to stand out in bold relief. * 

Origin of valleys, — Many of the earlier geologists, and Dr. Hutton 
among them, taught that “rivers have in general hollowed out their 
valUws.” This is no doubt true of rivulets and torrents which are 
the ft^eders of the larger streams, and which, descending over rapid 
slopes, are most sulycct to temporary increase and diminution in the 
volume of their waters. It must also be admitted that the quantity 
of mud, sand, and pebbles constituting many a modern delta is so 
considerable as to prove that a very large part of the inequalities now ^ 
existing on the earth’s surfjicc arc due to flnviatile action ; but 
the principal valleys in almost every great liydrographical basin in 
the world, are of a shape and magnitude which imply that they 
liave been due to other causes besides the mere excavating power of 
rivers. 

Some geologists have imagined that a deluge, or succession of 
deluges, may have been the chief denuding agOfiey, and they havii 
speculated on a series of enormous waves raised by the instantaneous 
upthrow of continents or mountain chains out of the sea. But even 
were we disposed to grant such sudden upheavals of the floor of the 
ocean, and to assume that great waves w'ould be the consequence of 
ea<;h convulsion, it is not easy to explain the observed phenomena by 
the aid of so gratuitous an hypothesis. 

On the other hand, a macliinery of a totally different kind seems 
capable of giving rise to effects of the required magnitude. It lias 
now been ascertained that the rising and sinking of extensive por- 
tions of the earth’s crust, w'hetlier inscn>ibly or by a repetition of 
sudden shocks, is part of tlio actual course of nature, and we may 
easily comprehend Iiow the land may Iiave been exposed during these} 
movements to abrasion by the waves of the sea. In the same 
manner as a mountain mass may, in the course of ages, be formed 
by sedimentary deposition, layer after layer, so masses equally 
\oluminous may in time waste a^vay by inches ; as, for example, if 
beds of incoherent materials are raised .sloivly in an oiien sea where 
a strong current prevails. It is well known that some of tlu'se 
oceanic currents have a breadth of 200 miles, and tliat they some- 
times run for a thousand miles or more in one direction, retaining a 
considerable velocity even at the depth of several hundred feet. 
Under these circumstances, the flowing waters may have pow(*r to 
clear away each stratum of ineohercut materials as it rises and 
approaches the surface, where the waves exert the greatest forcai ; 
and in this manner a voluminous deposit may be entirely swept 
away, so that, in the absence of faults, no evidence may remain of 
the denuding operation. It may indeed be affirmed that the signs of 
waste will usually be least obvious where the destruction has been 
most cornphite ; for the annihilation may have proceeded so far, that 
no ruins are left of the dilapidated rocks. 

* l*rc^twieh, Geol. Trans, second scries, vol. v. pp. 452. 4"3. 
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Although denudation has had a levelling influence on some 
countries of shattered and disturbed strata (see fig. 87. p. 63. and 
fig. 9i. p. 69.), it has more commonly been the cause of superficial 
inequalities, especially in regions of horizontal stratification. TJie 
general outline of these regions is that of fiat and level platforms, 
interrupted by valleys often of considerable depth, and ramifying 
in various directions. These hollows may once have formed bays 
and channels between islands, and the steepest slope on the sides of 
each valley may have been a sea-cliff, which was undermined for 
ages, as the land emerged gradually from the deep. We may 
(suppose the position and course of each valley to have been originally 
determined by differences in the hardness of the rocks, and by rents 
and joints which usually occur even in horizontal strata. In moun- 
tain chains, such as the Jura before described (see fig. 71. p. 55.)y 
we perceive at once that the principal valleys have not been due to 
aqueous excavation, but to those mechanical movements which have 
bent the rocks into their present form. Yet even in the Jura there 
are many valleys, such as C (figs 71.), which have been hollowed out 
by water ; and it may be stated that in every part of the globe the 
unevenness of the surface of the land has been due to tlie combined 
influence of subterranean movements and denudation. 

I may now recapitulate a few of tlie conclusions to which >ve have 
arrived: first, all the mechanical strata have been accumulated 
gradually, and the concomitant denudation has been no less gradual : 
secondly, the dry land consists in great part of strata formed origin- 
ally at the bottom of the sea, and has been made to emerge and 
attain its present height by a force acting from beneath : thirdly, no 
combination of causes has yet been conceived so capable of producing 
extensive and gradual denudation, as the action of the waves and 
currents of the ocean upon land slowly rising out of the deep. 

Now, if we adopt these conclusions, we shall naturally be led to 
look everywhere for marks of tlie former residence of the sea upon 
the land, especially near the coasts from whicli the last retreat of the 
waters took place, and it will be found that such signs are not 
wanting. 

I shall have occasion to speak of ancient sea-cliffs, now far inland, 
in the south-east of England, when treating in Chapter XIX. of the 
diMiiidation of the chalk in Surrey, Kent, and Sussex. Lines of 
upraisc'd sea-beaches of more modern date are traced, at varioiH 
levels from 20 to 100 feet and upwards above the present sea-level, 
for great distances on the east and west coasts of Scotland, as well as 
in Devonshire, and other counties in England. These ancient beach- 
lines often form terraces of sand and gravel, including littoral shells, 
some broken, others entire, and corresponding with species now 
living on the adjoining coast. But it would be unreasonable to 
expect to meet everywhere with the signs of ancient shores, since no 
geologist can have failed to observe how soon all recent marks of the 
kind above alluded to are obscured or entirely effaced, wherever, in 
consequence of the altered state of the tides and currents, the sea lias 
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receded for a few centuries. We see the cliffs crumble down in a 
few years if composed of sand or clay, and soon reduced to a gentle 
slope. If there were shells on the beach, they decompose, and their 
materials are washed away, after which the sand and shingle may 
resemble any other alluviums scattered over the interior. 

The features of an ancient shore may sometimes be concealed by 
the growth of trees and shrubs, or by a covering of blown sand, a 
good example of which occurs a few miles west from Dax, near 
Bourdeaux, in the south of France. About twelve imiles inland, a 
steep bank may bo traced running in a direction nearly north-east 
and south-west, or parallel to the contiguous coast. This sudden 
fall of about 50 feet conducts us from the higher platform of the 
Landes to a lower plain which extends to the sea. The outline of 


Fig. 92. 





Section of inland cHiT at Abease, near Dax. 
a. Sand of the Landes. b. Limestone. e. Clay. 


tlie ground suggested to mo, as it would do to every geologist, the 
opinion that the bank in question was once a sea-cliff, wdien the 
whole country stood at a lower level. But this is no longer matter 
nf conjecture, for, in making excavations in 1830 for the foundation 
ni*a building at Abes.se, a quantity of loose sand, which formed the 
^lopc dcy was removed; and a perpendicular cliff, about 50 feet in 
height, which had hitherto been protected from the agency of the 
element.s, was exposed. At the bottom appeared the limestone 5, 
containing tertiary shells and corals, immediately below it the clay c, 
and above it the usual tertiary sand a, of the department of tlio 
Landes. At the base of the precipice wen* seen large partially 
rounded masses of rock, evidently detached from the stratum b. 
The fiice of the limestone was hollowed out and weathered into such 
forms as are seen in the calcareou.s cliffs of the adjoining coast, 
especially at Siaritz, near Bayonne. It is evident that, when this 
country stood at a somewhat lower level, the sea advanced along the 
.surface of the argillaceous stratum c, which, from its yielding nature, 
favoured the waste by allowing the more solid superincumbent stone 
h to be readily undermined. Afterwards, when the country had 
been elevated, part of the sand, cf, fell down, or was drifted by the 
winds, so as to form the talus, dfy which masked the inland cliff until 
it was artificially laid open to view. 

When wc are considering the various causes which, in the course 
of iges, may efface the characters of an ancient sea-coast, earth- 
quakes must not be forgotten. During violent shocks, steep and 
overhanging cliffs are often thrown down and become a heap of 
ruins. Sometimes unequal movements of upheaval or depression 
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entirely destroy that horizontality of the base-line which constitutes 
the chief peculiarity of an ancient sea-cliff. 

It is, however, in countries where hard limestone rocks abound, 
that inland cliffs retain faithfully the characters which they acquired 
when they constituted the boundary of land and sea. Thus, in the 
Morea, no less than three, or even four, ranges of what were once 
sea-cliffs are well preserved. These have been described, by MM. 
Boblaye and Virlet, as rising one above the other at different dis- 
tances from the actual shore, the summit of the highest and oldest 
occasionally exceeding 1000 feet in elevation. At the base of each 
there is usually a terrace, which is in some places a few yards, in 
others above 300 yards wide, so that we are conducted from the high 
land of the interior to the sea by a succession of great steps. These 
inland cliffs are most perfect, and most exactly resemble those now 
washed by the waves of the Mediterranean, where they are formed 
of calcareous rock, especially if the rock be a hard crystalline marble. 
The following are the points of correspondence observed between the 
ancient coast lines and the borders of the present sea: — 1. A range 
of vertical precipices, with a terrace at their base. 2. A weathered 
state of the surface of the naked rock, such as the spray of the sea 
jiroduces. 3. A line of littoral caverns at the foot of the cliffs. 4. A 
consolidated beach or breccia with occasional marine shells, found at 
the base of the cliffs, or in the caves. 5. Lithodomous perforations. 

In regard to the first of these, it would be superfluous to dwell on 
the evidence afforded of the undermining power of waves and currents 
by perpendicular precipices. The littoral caves, also, will bo familiar 
to those who have had opportunities of observing the manner in 
which the waves of the sea, when they beat against rocks, have 
I)ower to scoop out caverns. As to the breccia, it is composed of 
])ieces of limestone and rolled fragments of thick solid shell, such as 
Stromhus and Spondi/lus, all bound together by a crystalline cal- 
careous cement. Similar aggregations are now forming on the 
modern beaches of Greece, and in caverns on the sea-side; and tliey 
are only distinguishable in character from those of more ancient 
<late, by including many pieces of pottery. In regard to the iitho- 
(hmi above alluded to, these bivalve inollusks are well known to 
have the power of excavating hole’s in the hardest limestones, the 
size of the cavity keeping pace with the growth of the shell. When 
living they require to be always covered by salt water, but similar 
))ear-shaped hollows, containing the dead shells of these creatures, 
arc found at different heights on the face of the inland cliffs above 
mentioned. Thus, for example, they have been observed near Modon 
and Navarino on cliffs in the interior 125 feet high above the Medi- 
terranean. As to the weathered surface of the calcareous rocks, all 
limestones are known to suffer chemical decomposition when moistened 
by the spray of the salt water, and are corroded still more deeply at 
points lower down where they are just reached by the breakers. By 
this action the stone acquires a wrinkled and furrowed outline, and 
very near the sea it becomes rough and branching, as if covered with 
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corals. Such effects are traced not only on the present shore, but at 
the base of the ancient cliffs far in the interior. Lastly, it remains 
only to speak of the terraces, which extend with a gentle slope from 
the base of almost all the inland cliffs, and are for the most part 
narrow where the rock is liard, but sometimes half a mile or more in 
breadth where it is soft. They are the effects of the encroachment 
of the ancient sea upon the shore at those levels at which the land 
remained for a long time stationary. The justness of this view is 
apparent on examining the shape of the modern shore wherever the 
sea is advancing upon the land, and removing annually small 
portions of undermined rock. By this agency a submarine platforni 
is produced on wliich we may walk for some distance from the beach 
in sludlow water, the increase of depth being very gradual, until we 
reach a point where the bottom plunges down suddenly. This plat- 
form is widened with more or less rapidity according to tlie liardnes-j 
of the rocks, and when upraised it constitutes an inland terrace. 

But the four principal lines of cliff observed in the Morea do not 
imply, as some have imagined, four great eras of sudden upheaval ; 
they simply indicate the intcrniittence of the upheaving force. Had 
the rise of the land been continuous and uninterrupted, there would 
have been no one prominent line of cliff ; for every portion of the 
surface having been, in its turn, and for an equal period of time, a 
sea-shore, would have presented a nearly similar aspect. But if 
j)auses occur in the process of upheaval, the waves and currents have 
time to sap, throw down, and clear away considerable masses of rock, 
and to shajx} out at several successive levels lofty ranges of cliffs 
with broad terraces at their base. 

There are some levelled spaces, however, both ancient and modern, 
in the iVIorea, which are not due to denudation, although resembling 
in outline the terraces above described. They may bo called Terraces 
of Deposition, since they have resulted from the gain of land upon 
the sea where rivers and torrents have produced deltas. If the sedi- 
mentary matter lias filled up a bay or gulf surrounded by steep 
mountains, a fiat plain is formed skirting tlie inland precipices ; and 
if these deposits are upraised, they form a feature in the landscape 
very similar to the areas of denudation before described. 

I have seen on the iiortliern coast of Sicily, one of these terraces 
of deposition in the environs of Palermo, where, as in Greece, a line 
of limestone cliffs with caverns at their base bounds a seaward- 
sloping plain. Proceeding from the shore inland, we find the phit- 
I’orm, c, fig. 93., a mile wide, composed of marine calcareous strata, the 
majority of tlie embedded shells and corals being of living specii*.'-. 
"W'e next arrive at a precipitous cliff of hippurite limestone, a, in 
which the well-known cave of San Giro, b, occurs, 130 feet long, .'30 
high, and 30 wide. Its entrance is now 180 feet above the sea; but 
the salt water must at one time have entered it, for the walls are 
drilled for a height of several yards by perforating molluscs, and the 
bottom of the cave is strewed over with a thin layer of sand, in wliich 
more than forty species of sea-shells, nearly nil of species now living 
in the Mediterranean have been found. Since the sea retired a 
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considerable thickness of breccia has accumulated over the sand so 
as to conceal from view the lithodomous perforations, except in 


Kig. 93. 



places wliere tliesc have been exposed to view by artificial excava- 
tions. The breccia is composed of pieces of limestone, qfiartz, and 
.schist in a matrix of brown marl tliroiigh which laud shells are dis- 
])crsed together with bones of two species, as we learn from Dr. 
Falconer, of extinct hippopotamus, in such numbers that they inu>t 
have belonged to several hundred individuals. With these arc asso- 
ciated the remains of Elephas aiitiquus (as determined by the same 
osteologist), and the osseous remain.sof Bo.s, Cervus, Su.s, Ursus, Canis, 
and a large Ftdis. Some of these hones have been rolled as if partially 
.subjected to the action of water, and the whole seem to have been in- 
Irojluced (perhaps by engulfed streams) both in this and some neigh- 
bouring caverns through rents in the hippurite limestone, which must 
once have been connected with tlie .surface ol* the country above, at 
a time when the ])hysical g(?ogi'aphy of the region was extremely 
different from wJiat it now iis, and when rivers fn*quenled by the 
liip])opotiurRis existed where now no running water is to be found. 

Besides terraces of deposition such ns c, fig. 93., above alluded to, 
there arc also in Sicily others of denudation. One of these occui's on 
the ea'^t coast to ih(j north of Syracuse, and the same is resumt'd to 
the south beyond the town of Noto, where it may be traced forming a 
continuous and lofty precipice, a fig. 94., facing towards the sea, 
and constituting the abrupt termination of a calcareous formation, 
which extends in horizontal strata far inland. This precipice varies 
in height from 500 to 700 fK»et, and between itsba.‘«e and the sea is an 
inferior platform, c d, consis-ting of similar white limestone. All the 
lieds dip towards the sea, but are usually inclined at a very slight 
angle ; they arc seen to extend uninterruptedly from the base of the 
escarpment into the platform, showing distinctly that the lot'iy 
clitt' was not produced by a fault or vertical .shift of the bed.s, but 
by the removal of a con.siderable mass of rock. Hence we may 
conclude that the sea, which is now undermining the cliffs of the 
Sicilian coast, reached at some former period the base of the pre- 
cipice a b, at which lime the surface of the torruce c b must have 


• Dr. Christie, Kdin. New. Phil. Jouni. 
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boon co\ercd by the Mediterranean. There was a pause, therefore, 
in the upward movement, when the waves of the sea had time to 
<*iirve out the platform but there may have been many other 
.stationary periods of minor durjition. Suppose, for example, that a 
series of escarpments c,/, A, once existed, and that the sea, during 
a long interval free from subterranean movements, advances along 
the line c b, all preceding cliffs must have been swept away one after 
the other, and reduced to the single precipice a b. 

That such a series of smaller cliffs, as those represented fite,/, g, //, 
tig. 94., did really once exist at intermediate heights in place of the 
single precipice a b, is rendered highly probable by the fact, that in 
certain bays and inland valleys opening towards the east coast of 
Sicily, and not far from the section given in fig. 94., the solid lime- 
stone is shaped out into a great succession of ledges, S(*parated from 
each otlier by small vertical cliffs. These are sometimes so nume- 

I'lg. 9.1. 



Valley called Gozzodegli Martiri, lielow Mclilli, Val dl Noto. 


roiis, one above the other, that "here there is a bend at the head of a 
valley, they produce an effect singularly resembling the seats of a 
Roman amphitheatre. A good example of this configuration occurs 
near the town of Melilli, as seen in the annexed view (fig. 95.). In 
the south of the island, near Spaccaforno Scicli, and Modica, preci- 
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pitous rocks of white limestone, ascending to the height of 500 feet, 
have been carved out into similar forms. 

This appearance of a range of marble seats circling round tlie 
head of a valley, or of great flights of steps descending from the top 
to the bottom, on the opposite sides of a gorge, may be accounted for, 
as already hinted, by supposing the sea to have stood successively at 
many different levels, as at a a, 5 5, c c, in the accompanying fig. 96. 
But the causes of the gradual contraction of the valley from above 


Fig. 96. 



downwards may still be matter of speculation. Such contraction 
may be due to the greater force exerted by the waves when the laml 
Mt its first emergence was smaller in quantity, and more exposed to 
denudation in an open sea ; whereas the wear and tear of the rocks 
might diminisli in proportion as this action became confined within 
bays or channels closed in on two or three sides. Or, secondly, the* 
separate movements of elevation may have followed each other more 
rapidly as the land continued to rise, so that the limes of those pauses, 
during wliich the greatest denudation was accomplished at certain 
levels, were always growing shorter. It should be remarked, that 
the cliffs and small terraces are rarely found on the opposite sides of 
the Sicilian valleys at heights so precisely answering to each other as 
tliose given in fig. 96., and this might have been expected, to which- 
ever of the two hypotheses above explained we incline ; for, accord- 
ing to the direction of the prevailing winds and currents, the waves 
may beat with unequal force on different parts of the shore, so that 
while no impression is made on one side of a bay, the sea may en- 
croach so far on the other as to unite several smaller cliffs into one. 

Before quitting the subject of ancient sea-cliffs, carved out of 
linieistono, I shall mention the range of precipitous rocks, composed 
of a white marble of the Oolitic period, which I hare seen near the 
northern gate of St. Mihiel in France. They are situated on the 
right bank of the Meuse, at a distance of 200 miles from the nearest 
sea, and they present on the precipice facing the river three or four 
horizontal grooves, one above the other, precisely resembling those 
which are scooped out by the undermining waves. The summits of 
F(‘vcral of these masses are detached from the adjoining hill, in 
which case the grooves pass all round them, facing towards all points 
of the compass, as if they had once formed rocky islets near tlie 
shore.* 


I was directed by M. Deshayes to this spot, which 1 visited in June, 183a 
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Captain Bayfield, in his survey of the Gulf of St. Lawrence, dis- 
covered in several places, especially in the Mingan islands, a coun- 
terpart of the inland cliffs of St. Mihiel, and traced a succession of 
shingle beaches, one above the other, which agreed in their level 
with some of the principal grooves scooped out of the limestone 
pillars. These beaches consisted of calcareous shingle, with shells of 
recent species, the farthest from the shore being 60 feet above the 
level of the highest tidc^s. In addition to the drawings of the pillars 
called tlie flower-pots, which he has published*, I have been favoured 
with other views of rocks on the same coast, drawn by Lieut. A. 
Bowen, K.N. (See fig. 97.) 

Fig. 97. 



IJmcstoim column^ in Nr-ipiscn Island, in the Oiilf r>f St. Lawrence, tleight 
ot the scM’oiui column on the lea, (X) feet. 


In the North-Aineriean beaches above mentioned roiiiideil frag- 
ments of limestone Iiave becji found perforated by lithodonii; and 
holes drilled by the same mollusks have been dct(*cted in the 
columnar rocks or “flower-pots,” showing that there has bccni no 
great amount of atmospheric decomposition on tlie surliicc, or the 
cavities alluded to would have disappeared. 

We have an opportunity of seeing in the Bermuda islands the 



The North Knckh. Uermnda, lying ontsiili* thi* great coral reef. 

A. 1C feet high, and B. 12 feet. c. c. Hollows worn by the sea. 


manner in which the waves of the Atlantic have worn, and arc now 
wearing out, deep smooth hollow^s on every side of projecting masses 
of hard lime.stoiie. In the annexed drawing, communicated to me 

* Sec Tiuiks. (d‘ Gccil. Soc., second scries, vol. v. plate v. 
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by Capt. Nelson, R.E., the excavations c, c, c, have been scooped out 
by the waves in a stone of very modern date, which, although ex* 
tremely hard, is full of recent corals and shells, some of which retain 
their colour. 

When the forms of these horizontal grooves, of which the surface 
is sometimes smooth and almost polished, and the roofs of which 
often overhang to the extent of 5 feet or more, have been care- 
fully studied by geologists, they will serve to testify the former 
action of the waves at innumerable points far in the interior of the 
continents. But we must learn to distinguinh the indentations due 
to the original action of the sea, and those caused by subsequent 
chemical decomposition of calcareous rocks, to which they are liable 
in the atmosphere. 

I shall conclude with a warning to beginners not to feel surprise 
if they can detect no evidence of the former sojourn of the sea on 
lands which we are nevertheless sure have been submerged at periods 
<-.omparatively modern ; for notwithstanding the enduring nature of 
the marks left by littoral action on calcareous rocks, we can by no 
means detect sea-beaches and inland cliffs everywhere, even in Sicily 
and the Morea. On the contrary, they are, upon the whole, ex- 
Iremely partial, and are often entirely wanting in districts composed 
of argillaceous and sandy formations, which must, nevertheless, have 
been upheaved at the same time, and by the same intermittent move- 
ments, as the adjoining calcareous rocks. 


CHAPTER VII. 

ALLUVIUM. 

Alluvium described — Due to complicated causes — Of various ages, os shown in 
Auvergne — How distinguished truin rocks in situ — Sand pipes in ebaJk— Al- 
luvial terraces caused by oscillations in the level of land. 

Bktwken the superficial covering of vegetable mould and the sub- 
jacent rock there usually intervenes in every district a deposit of 
loose gravel, sand, and mud, to which the name of alluvium has 
b(M*n applied. The term is derived from alfitvio, an inundation, or 
alluo, to W’asli, because the pebbles and sand commonly resembh; 
those of a river’s bed or the mud and gravel washed over low lands 
by a flood. 

A partial covering of such alhivinm is found alike in all climates, 
from tb(» equatorial to the polar regions ; but in the higher latitudes 
of Europe and North America it assumes a distinct character, being 
very frequently devoid of stratification, and containing huge frag- 
ments of rock, some angular and others rounded, which have been 
transported to great distances from their parent mountains. When 
it presents itself in this form, it has been called “ diluvium,” “ drift,' 
or the “ boulder formation ; ” and its probable connexion with tho 
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agency of floating ice and glaciers will be treated of more particularly 
in the eleventh and twelfth cliapters. 

The student will be prepared, by what I have said in the last 
chapter on denudation, to hear that loose gravel and sand arc often 
met with, not only on the low grounds bordering rivers, but also at 
various points on the sides or even summits of mountains. For, in 
the course of those changes in physical geography which may taki» 
place during the gradual emergence of the bottom of the sea and its 
conversion into dry land, any spot may either have been a sunken 
reef, or a bay, or estuary, or sea-shore, or the bed of a river. The 
drainage, moreover, may have been deranged again and again by 
carthquak(js, during which temporary lakes are caused by landslips, 
and partial deluges occasioned by the bursting of the barriers of such 
lakes. For this reason it would be unreasonable to hope that wo 
sliould over be able to account for all the alluvial phenomena of each 
particular country, seeing that the causes of their origin are so various. 
Besides, the last operations of water have a tendency to disturb and 
confound together all pre-existing alluviums. Ilonce we arc always 
in danger of regarding as the work of a single eni, and the elTect of 
one cause, what has in reality been the result of a variety of distinct 
agents, during a long succession of geological epoclis. Much useful 
instruction may therefore bo gained from the exploration of a country 
like Auvergne, where the superficial gravel of very different (jnis 
happens to have been preserved by sheets of lava, which w^ere 
poured out one after the other at periods when the denudation, and 
probably the upheaval, of rocks were in progress. That region had 
already acquired in some degree its present configuration before any 
volcanoes were in activity, and before any igneous matter was super- 
imposed upon the granitic and fossiliferons formations. The pebldt s 
therefore in the older gravels are cxclui^ively constituted of granitr 
and other aboriginal rocks; and afterwards, when volcanic vents 
burst forth into eruption, those earlier alluviums were covered by 

lig. 99. 



streams of lava, which protected them from intermixture with grave 
of subsequent date. In the course of ages, a new system of valleys 
was excavated, so that the rivers ran at lower levels than those at 
which the first alluviums and sheets of lava were formed. When, 
therefore, fresh eruptions gave rise to new lava, the melted matter 
was poured out over lower grounds ; and the gravel of these plains 
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differed from the first or upland alluvium, hj containing in it rounded 
fragments of various volcanic rocks, and often bones belonging to 
distinct groups of land animals which Nourished in the country in 
succession. 

The annexed drawing will explain the different heights at which 
beds of lava and gravel, each distinct from th%other in composition 
and age, are observed, some on the fiat tops of hills, 700 or 800 feet 
high, others on the slope of the same hills, and the newest of all in 
the channel of*the existing river where there is usually gravel alone, 
but in some cases a narrow stripe of solid lava sharing the bottom of 
the valley with the river. In all these accumulations of transported 
matter of different ages the bones of extinct mammalia have been 
found belonging to assemblages of land quadrupeds, which fiourished 
in the country in succession, and which vary specifically, the one set 
from the other, in a greater or less degree, in proportion as the time 
which separated their entombment has been more or less protracted. 
The streams in the same district are still undermining their banks and 
grinding down into pebbles or sand, columns of basalt and frag- 
ments of granite and gneiss ; but portions of the older alluviums, with 
the fossil remains belonging to them, are prevented from being mingled 
with the gravel of recent date by the cappings of lava before mentioned. 
But for the accidental interference, therefore, of this peculiar cause, 
all the alluviums might have passed so insensibly the one into tl>e 
other, that those formed at the remotest era might have appeared 
of the same date as the newest, and the whole formation might have 
been regarded by some geologists as the result of one sudden and 
violent catastrophe. 

In almost every country, the alluvium consists in its upper part of 
transported materials, but it often passes downwards into a mass of 
broken and angular fragments derived fi'om the subjacent rock. To 
this mass the provincial name of “rubble,” or “ brash,” is given in 
many parts of England. It may be referred to the weathering or 
disintegration of stone on the spot, the effects of air and water, sun 
and frost, and chemical decomposition. 

The inferior surface of alluvial deposits is often very irregular, 
conforming to all the inequalities of the fundamental rocks (fig. 100.). 

Fig. 100 . Occasionally, a small mass, as at c, 

appears detachejJ, and as if included in 
the subjacent formation. Such isolated 
portions are usually sections of winding 
subterranean hollows filled up with allu- 
vium. They may have been the courses 
of springs or subterranean streamlets, 
which have flowed through and enlarged 
natural rents ; or, when on a small scale 
and in soft strata, they may be spaces 
a. VegntaWe soil. b. Aiuifium. which the roots of large trees have once 
c.Ma.. of .ame. apparently dciached. occupied, gravcl and sHJid having becu 

introduced after their decay. 
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But there are other deep hollows of a cylindrical form found in 
England, France, and elsewhere, penetrating the white chalk, and 
filled with sand and gravel, which are not^ so readily explained, 
'rhoy are sometimes called “ sand-pipes,” or “ sand-galls,” and “ puits 
naturels,” in France. Those represented in the annexed cut were 

Fig. 101. 



observed by me in 1839, laid open in a large clialk-pit near Norwich. 
They were of very s}'Uimetrical form, the largest more than 12 feet 
in diameter, and some of them had been traced, by boring, to tho 
depth of more than 60 feet. The smaller ones varied from a few 
inches to a foot in diameter, and seldom descended more than 12 feet 
below tho surface. Even where three of them occurred, as at a, 
lig. 101., very close together, the parting walls of soft white chalk 
were not broken through. They all taper downwards and end in a 
point. As a general rule, sand and pebbles occupy the central parts 
of each pipe, wliile the sides and bottom arc lined witli clay. 

iSlr. Trimmer, in speaking of appcar.ances of the same kind in the 
Kentish ihalk, attributes the origin of such “sand-galls” to the, 
action of the sea on a bcacli or shoal, where the waves, charged 
with shingle and sand, not only wear out longitudinal furrows, such 
as may he observed on the surface of the above-mentioned clialk near 
Norwich when the incumbent gravel is removed, but also drill deep 
circular hollows by tlic rotatory motion inij)arted to sand and pebbles. 
Such furrows, as well as* vertical cavities, are now formed, he observes, 
on the coast where the shores are coinpos(*d of chalk.* 

Tiiat the commencement of many of the tubular cavities now under 
consideration has been due to the cause here assigned, I have little 
doubt. But such mechanical action could not liave hollowed out the 
whole of the sand-pipes c and d, lig. 101., because several large chalk 
dints seen protruding from the w^alls of the pipes have not been 
i'rode<l, wliile sand and gravel have penetrated many fuet below them. 
In other cases, as at bb, similar unrounded nodules of Hint, still 
preserving their irregular form and white coating, are found at 

• Trimmer, Proceedings of Geol. Soc. vol. iv. p. 7. 1842. 
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various depths in the midst of the loose materials filling the pipe. 
These have evidently been detached from regular layers of flints oc- 
curring above* It is also to be remarked that the course of the same 
sand-pipe, b b^ is traceable above the level of the chalk for some 
distance upwards, through the incumbent gravel and sand, by the 
obliteration of all signs of stratification. Occasionally, also, as in 
the pipe d, the overlying beds of gravel bend downwards into the 
mouth of the pipe, so as to become in part vertical, as would happen 
if horizontal layers had sunk gradually in consequence of a failure of 
support. All these phenoqaena may be accounted for by attributing 
. the enlargement and deepening ^of the sand-pipes to the chemical 
action of water charged with carbonic acid, derived from the vegetable 
soil and the decaying roots of trees. Such acid might corrode the 
chalk, and deepen indefinitely any previously existing hollow, but 
could not dissolve the flints. The water, after it had become saturated 
with carbonate of lime, might freely percolate the surrounding porous 
walls of chalk, and escape through them and from the bottom of the 
tube, so as to carry away in the course of time large masses of 
dissolved calcareous rock*, and leave behind it on the edges of each 
tubular hollow a coating of fine clay, which the white chalk contains. 

I have seen tubes precisely similar and from 1 to 5 feet in diameter 
traversing vertically the upper half of the soft calcareous building 
stone, or clialk without flints, constituting St. Peter’s Mount, Mars- 
tricht. These hollows are filled with pebbjes and clay, derived from 
overlying beds of gravel, and all terminate downwards like those 
of Norfolk. I was informed that, 6 miles from Maestricht, one of 
these pipes, 2 feet in diameter, was traced downwards to a bed of 
flattened flints, forming an almost continuous layer in the chalk. 
Here it terminated abruptly, but a few simill root-like prolongations 
of it were detected immediately below, probably where the dissolving 
substance bad penetrated at some points through openings in the 
siliceous mass. 

It is not so easy as may at first appear to draw a clear line of 
distinction between the Jixed rocks, or regular strata (rocks in situ 
or in place), and alluvium. If the bed of a torrent or river be dried 
up, we call the gravel, sand, and mud, left in their channels, or 
whatever, during floods, they may have ^scattered over the neighbour- 
ing plains, alhivinm, TJic very same materials ctu’ried into a lake, 
where they become, sorted by water and ar t anged in more distinct 
layers, especially if.tliey inclose the remains of plants, shells, or other 
fossils, are termed regular strata. 

In like manner we may sometimes compare the gravel, sand, and 
broken shells, strewed along the path of a rapid marine current, with 
a deposit formed contemporaneously by the discharge of similar ma- 
terials year after year, into a deeper and more tranquil part of the 
sea. In such cases, when we detect marine shells or other organic 
remains entombed in the strata which enable us to determine their 


* See L^ell on Sand-pipes, &c., riiil Mag., third series, vok xv. p, 257., Oct. 1839. 
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age and mode of origin, we regard them as part of the regular series 
of fossiliferous formations, whereas, if there are no fossils, we have 
frequently no power of separating them from the general mass of 
superficial alluvium. 

The usual rarity of organic remains in beds of loose gravel is partly 
owing to the friction which originally ground down rocks into pebbles, 
or sand, and organic bodies into small fragments, and it is partly owing 
to the porous nature of alluvium when it has emerged, which allows 
the free percolation through it of rain-water, and promotes the de- 
composition and solution of fossil ^semains. 

It has long been a matter of common observation that most rivers' 
arc now cutting their channels through alluvial deposits of greater 
depth and extent than could ever have been formed by the present 
streams. From this fact a rash inference has sometimes been drawn, 
that rivers in general have grown smaller, or become less liable to be 
fiooded than formerly. But such phenomena would bo a natural result 
of considerable oscillations in the level of the land experienced since 
the existing valleys originated. 

Suppose part of a continent, comprising within it a large hydro- 
graphical basin like that of the Mississippi, to subside several inches 
or feet in a century, as the west coast of Greenland, extending 600 
miles north and south, has been sinking for three or four centuries, 
between the latitudes 60° and 69° N. * It will rarely happen that 
the rate of subsidence will be everywhere equal, and in many cases 
the amount of depression in the interior will regularly exceed that of 
the region nearer the sea. Whenever this happens, the fall of the 
waters flowing from the upland country will bo diminished, and each 
tributary stream will have less power to carry its sand and sediment 
into the main river, and the main river less power to convey its 
annual burden of transported matter to the sea. All the rivers, there- 
fore, will proceed to fill up partially their ancient channels, and, 
during frequent inundations, will raise their alluvial plains by new 
deposits. If then the same area of land be again upheaved to its 
former height, the fall, and consequently the velocity, of every river 
will begin to augment. Each of them will be less given to overflow 
its alluvial plain ; and their power of carrying earthy matter sea- 
ward, and of scouring out and deepening their channels, will bo 
sustained till, after a lapse of many thousand years, each of them 
has eroded a new channel or valley through a fiuviatile formation 
of comparatively modern date. The surface of what was once the 
river-plain at the period of greatest depression, will then remain fring- 
ing the valley-sides in the form of a terrace apparently flat, but in 
reality sloping down with the general inclination of the river. Every- 
where this terrace will present cliffs of gravel and sand, facing the 
river. That such a series of movements has actually taken place in the 
main valley of the Mississippi and in its tributary valleys during oscil- 
lations of level, I have endeavoured to show in my description of that 


Principles of Geology, 7th cd. p. 506., 8th ed. p. 509. 
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country^ ; and the freshwater shells of existing species and bones of 
land quadrupeds, partly of extinct races, preserved in the terraces of 
fluviatile origin, attest, the exclusion of the sea during the whole 
process of filling up and partial re-excavation. 

Such terraces are the converse of those mentioned at p. 80., fig. 99., 
where the uppermost of the series is formed of alluvium of oldest 
date, which originated long before the valley bad attained its actual 
width and depth. 

* Second Visit to the U. S. voL ii. chap. 34. 
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CHAPTER VIII. 

CHBONOLOGICAL GLASSIFICATION OF ROCKS. 

Aqueous, plutonic, Tolcanic, and mctamorphic rocks, considered chronologically— 
Lehman's division into primitive and secondary — Werner’s addition of a tran- 
sition class — Neptunian theory — Hutton on igneous origin of granite — IIow 
the name of primary wxis still retained for granite — The term “ transition/* why 
faulty — The adherence to the old chronological nomenclature retarded tlie 
progress of geology — Now hypothesis iiiTcntcd to reconcile the igneous origin 
of granite to the notion of its high anti([uily — Explanation of the chronological 
nomenclature adopted in this work, so far as regards primary, secondary, and 
tertiary periods. 

In the first chapter it was stated that the four great classes of rocks, 
the aqueous, the volcanic, the plutonic, and the mctamorphic, would 
each be considered not only in reference to their mineral characters, 
and mode of origin, but also to their relative age. In regard to the 
aqueous rocks, we have already seen that tliey are strati (led, that 
some are calcareous, others argillaceous or siliceous, some made up 
ot* sand, others of pebbles; that some contain freshwater, others 
marine fossils, and so forth ; but the student has still to learn whicli 
rocks, exhibiting some or all of tlicse characters, have originated at 
one period of the earth’s history, and whicli at another. 

To determine this point in reference to the fossiliferous formations 
is more easy than in any other class, and it is therefore the most con- 
venient and natural method to begin by establi.shiNg a cliVonology for 
these strata, and then to refer as far as possible to the same divisions, 
the several groups of plutonic, volcanic, and inetamorphic rocks. 
Such a system of classification is not only recommended by its greater 
clearness and facility of application, but is also best fitted to strike 
the imagination by bringing into one view the contemporaneous revo- 
lutfons of the inorganic and organic creations of former times. For 
the sedimentary formations are most readily distinguished by the 
different sjxjcies of fossil animals and plants which they inclose^ 
and of which one assemblage after another has flourished and then 
disappeared from the earth in succession. 

But before entering specially m the subdivisions of the aqueous 
rocks arranged according to the order of tirai, it will be desirable to 
say a few words on the chronology of rocks in general, although in 
doing so we shall bo unavoidably led to allude to some classes of 
yihenomcna which the beginner must not yet expect fully to com- 
prehend. 

It was for many years a received opinion that the formation of 
entire families of rocks, such as the plutonic and those crystalline 
schists spoken of in the first chapter as metamorphic, began and 
ended before any members of the atiueous tud volcanic orders were 
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produced; and although this idea has long been modified, and is 
nearly exploded, it will be necessary to give some account of the 
ancient doctrine, in order that beginners may understand whence 
many prevailing opinions, and some part of the nomenclature of 
geology, still partially in use, was derived. 

About the middle of the last century, Lehman, a German miner, 
proposed to divide rocks into three classes, the first and oldest to be 
called primitive, comprising the hypogene, or plutonic and metamor- 
phic rocks; the next to be termed secondary, comprehending the 
aqueous or fossiliferous strata; and the remainder, or third class, 
corresponding to our alluvium, ancient and modern, which ho referred 
to “ local floods, and the deluge of Noah.” In the primitive class, he 
said, such as granite and gneiss, there are no organic remains, nor 
any signs of materials derivc'd from the ruins of pre-existing rocks. 
Their origin, tlierefore, may have been purely chemical, antecedent 
to the creation of living beings, and probably coeval with the birth of 
the world itself. The secondary formations, on the contrary, which 
often contain sand, pebbles, and organic remains, must have been 
mechanical deposits, produced after the planet had become the habi- 
tation o( animals and plants. This bold generalization, althougli an- 
ticipated in some measure by Steno, a century before, in Italy, 
formed at the time an important step in the progress of geology, and 
sketched out correctly some of the leading divisions into which rocks 
may be separated. About half a century later, Werner, so justly 
celebrated for his improved methods of discriminating the mineralo- 
gical characters of rocks, attempted to improve Lehman s classification, 
and with this view intercalated a class, called by him “the transition 
formations,” between the primitive and secondary. Between those 
last he had discovered, in northern Germany, a series of strata, 
which in their mineral peculiarities were of an intermediate character, 
partaking in some degree of the crystalline nature of micaceous schist 
and clay-slate, and yet exhibiting here and there signs of a mechani- 
cal origin and organic remains. For this group, therefore, forming a 
passage between Lehman’s primitive and secondary rocks, the name 
of iibergang or transition was proposed. They consisted princiflally 
of clny-slate and an argillaceous sandstone, called grauwacke, and 
partly of calcareous beds. It happened in the district which Wern(T 
first investigated, that both the primitive and transition strata were 
highly inclined, while the beds of the newer fossiliferous rocks, the 
secondary of Lehman, were horizontal. To these latter, therefore, 
he gave the name of jftdtz, or “ a level floor;” and every deposit more 
modern than tin? chalk, which was classed as the uppermost of the 
fldtz series, was designated “the overflowed land,” an expression which 
may be regarded as equivalent to alluvium, although under this appel- 
lation were confounded all the strata afterwards called tertiary, of 
which Werner had scarcely any knowledge. As the followers of 
Werner soon discovered that the inclined position of the “ transition 
beds,” and tho hori^ontality of the fldtz, or newer fossiliferous strati!, 
were mere local accidents, they soon abandoned the term fldtz ; and 
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the four divisions of the Wernerian school were then named primitive, 
transition, secondary, and alluvial. 

As to the trappean rocks, although their igneous origin had been 
already demonstrated by Arduino, Fords, Faujas, and others, and 
especially by Desinarest, they were all regarded by Werner as aqueous, 
and as mere subordinate members of the secondary series.* 

This theory of Werner’s was called the “ Neptunian,” and for many 
years enjoyed much popularity. It assumed that the globe had been 
at first invested by an universal chaotic ocean, holding the materials 
of all rocks in solution. From the waters of this ocean, granite, 
gneiss, and other crystalline formations, were first precipitated ; and < 
afterwards, when the waters were purged of these ingredients, and 
more nearly resembled those of our actual seas, the transition strata 
were deposited. These were of a mixed character, not purely che- 
mical, because the waves and currents had already begun to wear 
down solid land, and to give rise to pebbles, sand, and mud ; nor en- 
tirely without fossils, because a few of the first marine animals had 
begun to exist. After this period, the secondary formations were 
accumulated in waters resembling those of the present ocean, except 
at certain intervals, when, from causes wholly unexplained, ^ partial 
recurrence of the “chaotic fluid” took place, during which various 
trap rocks, some highly crystalline, were formed. This arbitrary 
hypothesis rejected all intervention of igneous agency, volcanos being 
regarded as modern, partial, and superficial accidents, of trifling 
account among the great causes which have modified the external 
structure of the globe. 

Meanwhile Hutton, a contemporary of Werner, began to teach, in 
Scotland, that granite as well as trap was of igneous origin, and had 
at various periods intruded itself in a fluid state into different parti? of 
the earth’s crust. He recognized and faithfully described many of the 
phenomena of granitic veins, and the alterations produced by them 
on the invaded strata, which will be treated of in the thirty-third 
chapter. He, moreover, advanced the opinion, that the crystalline 
strata called primitive had not been precipitated from a primaBval 
ocean, but were sedimentary strata altered by heat. In his writings, 
therefore, and in those of his illustrator, Playfair, we find the germ 
of that metamorphic theory which has been already hinted at in the 
first chapter, and which will be more fully expounded in the thirty- 
fourth and thirty-fifth chapters. 

At length, after much control Tsy, the doctrine of the igneous 
origin of trap and granite made its way into general favour; but 
although it was, in consequence, admitted that both granite and trap 
had been produced at many successive periods, the term primitive or 
primary still continued to be applied to the crystalline formations 
in general, whether stratified, hke gneiss, or unstratified, like granite. 
The pupil was told that granite was a primary rock, but that some 
granites were newer than certain secondary formations ; and in con- 


* See Principles of Geology, vol. i, chap. iv. 
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formity with the spirit of the ancient language, to which the teacher 
was still determined to adhere, a desire was naturally engendered of 
extenuating the importance of those more modern granites, the true 
dates of which new observations were continually bringing to light. 

A no less decided inclination was shown to persist in the use of 
the term ‘^transition,’* after it had been proved to be almost as 
faulty in its original application as that of flotz. The name of 
transition, as already stated, was first given by Werner, to designate 
a mineral character, intermediate between the highly crystalline or 
raetamorphic state and that of an ordinary fossiliferous rock. But 
• the term acquired also from the first a chronological import, because 
it had been appropriated to sedimentary formations, which, in the 
llartz and other parts of Germany, were more ancient than the 
oldest of the secondary series, and were characterized by peculiar 
fossil zoophytes and shells. When, therefore, geologists found in 
other districts stratified rocks occupying the same position, and 
inclosing similar fossils, they gave to them also the name of tran^ 
sftion^ according to rules which will be explained in the next 
chapter ; yet, in many cases, such rocks were found not to exhibit 
the same mineral texture which Werner had called transition. On 
the contrary, many of them were not more crystalline than different 
members of the secondary class; while, on the other hand, these 
last were sometimes found to assume a semi-crystalline and almost 
metamorphic aspect, and thus, on lithological grounds, to deserve 
equally the name of transition. So remarkably was this the case in 
the Swiss Alps, that certain rocks, which had for years been regarded 
by some of the most skilful disciples of Werner to be transition, were 
at last acknowledged, when their relative position and fossils were 
better understood, to belong to the newest of the secondary groups ; 
nay, some of them have actually been discovered to be members of 
the lower tertiary scries ! If, under such circumstances, the name of 
transition was retained, it is clear that it ought to have been applied 
without reference to the age of strata, and simply as expressive of a 
mineral peculiarity. The continued appropriation of the term to 
formations of a given date, induced geologists to go on believing that 
the ancient strata so designated bore a less resemblance to the 
secondary than is really the case, and to imagine that these last never 
pass, as they frequently do, into metamorphic rocks. 

The poet Waller, when lamenting over the antiquated style of 
Chaucer, complains that — 

ft 

We write in sand, onr language grows, 

And, like the tide, our work o'erflows. ^ 

But the reverse is true in geology ; for here it is our work which 
continually outgrows the language. The tide of observation advances 
with such speed that improvements in theory outrun the changes of 
nomenclature; and the attempt to inculcate new truths by words 
invented to express a different or opposite opinion, tends constantly. 
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by the force of association, to perpetuate error; so that dogmas 
renounced by the reason still retain a strong hold upon the imagi- 
nation. * 

In order to reconcile the old chronological views with the new 
doctrine of tlie igneous origin of granite, the following hypothesis 
was substituted for that of the Neptunists. Instead of beginning 
with an aqueous menstruum or chaotic fluid, the materials of the 
present crust of the earth were supposed to have been at first in a 
state of igneous fusion, until part of the heat having been diffused 
into surrounding space, the surface of the fluid consolidated, and 
formed a crust of granite. This covering of crystalline stone, which 
afterwards grew thicker and thicker as it cooled, was so hot, at first, 
that no water could exist upon it; but as the refrigeration pro- 
ceeded, the aqueous vapour in the atmosphere was condensed, and, 
falling in rain, gave rise to the first thermal ocean. So high was the 
temperature of this boiling sea, that no aquatic beings could inhabit 
its waters, and its deposits were not only devoid of fossils, but, liko 
those of some hot springs, were highly crystalline. Hence the 
origin of the primary or crystalline strata, — gneiss, mica-schist, and 
the rest. 

Afterwards, when the granitic crust had been partially broken up, 
land and mountains began to rise above tho waters, and rains and 
torrents to grind down rock, so that sediment was spread over the 
bottom of the seas. Yet the heat still remaining in tho solid 
supporting substances was sufficient to increase the chemical action 
exerted by the water, although not so intense as to prevent tho intro- 
duction and increase of some living beings. During this state of 
things some of tho residuary mineral ingredients of the primicval 
oc€*an were precipitated, and formed deposits (the transition strata 
of AVerner), half chemical and half mechanical, and containing a fcAV 
fossils. 

lly this new theory, which was in part a revival of the doctrine of 
Leibnitz, published in 1680, on the igneous origin of tho planet, tho 
old ideas respect ing the priority of all crystalline rocks to the ci'eatioii 
of organic beings, were still preserved ; and tho mistaken notion that 
all tho semi-crystalline and partially fossiliferous rocks belonged to 
one period, while all tho earthy and uncrystalline formations origin- 
ated at a subsequent epoch, was also perpetfiated. 

It may or may not be true, as the great Leibnitz imagined, that 
the whole planet was once in a state of liquefaction by heat ; but 
there are certainly no geological proofs that tho granite which con- 
stitutes the foundation of so much of tho earth’s crust was ever at once 
in a state oib universal fusion. On the contrary, all our evidence 
tends to show that the formation of granite, like the deposition of 
the stratified rocks, has been si ccessive, and that different portions of 
granite have been in a melted state at distinct and often distant 
periods. One mass was solid, and had been fractured, before another 
body of granitic matter was injected into it, or through it, in the form 
of veins. Some granites arc more ancient than any known fossiliferous 
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rocks ; others are of secondary ; and some, such as that of Mont 
Blanc and part of the central axis of the Alps, of tertiary origin. In 
short, tlio universal fluidity of the crystalline foundations of the 
earth’s crust, can only be understood in the same sense as the uni- 
versality of the ancient ocean. All the land has been under water, 
but not all at one time ; so all the subterranean unstratified rocks to 
which man can obtain access have been melted, but not simulta- 
neously. 

In the present work the four great classes of rocks, the aqueous, 
plutonic, volcanic, and metamor]>hic, will form four parallel, or 
. nearly parallel, columns in one chronological table. They will be 
considered as four sets of monuments relating to four contempo- 
raneous, or nearly contemporaneous, series of events. I shall en- 
deavour, in a subsequent chapter on the plutonic rocks, to explain 
the manner in which certain masses belonging to each of the four 
classes of rocks may have originated simultaneously at every geolo- 
gical period, and how thd earth's crust may have been continually 
remodelled, above and below, by aqueous and igneous causes, from 
times indefinitely remote. In the same manner as aqueous and 
fossiliferous strata are now formed in certain seas or lakes, while in 
other places volcanic rocks break out at the surface, and are con- 
nected with reservoirs of melted matter at vast depths in the bowels 
of the earth, — so, at every era of the past, fossiliferous deposits and 
superficial igneous rocks were in progress contemporaneously with 
others of subterranean and plutonic origin, and some sedimentary 
strata were exposed to heat, and made to assume a crystalline or 
metamorphic structure. 

It can by no means be taken for granted, that during all these 
changes the. solid crust of the earth has been increasing in thickness.* 
It has been shown, tMkt so far as aqueous action is concerned, the 
gain by fresh deposits, and the loss by denudation, must at eacli 
period have been equal (see above, p. 68.); and in like manner, in 
the inferior portion of tlie earth's crust, the acquisition of new crys- 
talline rocks, at each successive era, may merely have counter- 
balanced the loss sustained by the melting of materials previously 
consolidated. As to the relative antiquity of the crystalline found- 
ations of the earth's crust, when compared to the fossiliferous and 
volcanic rocks which they support, I have already stated, in the first 
chapter, that to pronounce an opinion on this matter is as difficult as 
at once to decide which of the two, whether the foundations or super- 
structure of an ancient city built on wooden piles, may be the oldest. 
We have seen that, to answer this question, we must first bo prepared 
to say whether the work of decay and restoration had gone on most 
rapidly above or below ; whether the average duration of the piles has 
exceeded that of the stone buildings, or the contrary. So also in 
regard to the relative age of the Superior and inferior portions of the 
earth's crust; we cannot hazard even a conjecture on this point, 
until wo know whether, upon an average, the power of water above, 
or that of heat below, is most efficacious in giving new forms to solid 
matter. 
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After the observations which have now been made, the reader will 
perceive that the term primary must either be entirely renounced, or, 
if retained, must be differently defined, and not made to designate a 
set of crystalline rocks, some of which are already ascertained to be 
newer than all the secondary formations. In this work I shall follow 
most nearly tlie method proposed by Mr. Boue, who has called all 
fossiliferous rocks older than the secondary by the name of primary. 
To prevent confusion, I shall sometimes speak of these last as the 
priinari/ fossiliferous formations; because the word primary has 
hitherto been most generally connected with the idea of a non.- 
fossiliferous rock. Some geologists, to avoid misapprehension, have 
introduced the term Paleozoic for primary, from n-aXacov, “ ancient,” 
and ^wor, “ an organic being,” stiU retaining the terms secondary and 
tertiary; Mr. Phillips, for the sake of uniformity, has proposed 
Mesozoic, for secondary, from middle,” &c. ; and Cainozoic, for 

tertiary, from kairoc, “ rc(;ent,” &c. ; but the terms primary, secondary, 
and tertiary are synonymous, and have the claim of priority in 
their favour. 

If we can prove any plutonic, volcanic, or mctamorphic rocks to be 
older than the secondary formations, such rocks will also be primary, 
according to this system. Mr. Boue having with propriety ex- 
cluded the inetamorphic rocks, as a clasSy from the primary form- 
ations, proposed to call them all ‘‘ crystalline schists.” 

As there are secondary fossiliferous strata, so we shall find that 
there are plutonic, volcanic, and metamorphic rocks of contempora- 
neous origin, which I shall also term secondary. 

In the next chapter it will be shown that the strata above the 
clialk have been called tertiary. If, therefore, we discover any vol- 
canic, plutonic, or met<amorphic rocks, which have originated since 
the deposition of the chalk, these also will MJik as tertiary form- 
ations. 

It may perhaps be suggested that some metamorphic strata, and 
some granites, may be anterior in date to the oldest of the primary 
fossiliferous rocks. This opinion is doubtless true, and will be dis- 
cussed in future chapters; but I may here observe, that when we 
arrange the four classes of rocks in four parallel columns in one table 
of chronology, it is by no means assumed that these columns are all 
of equal length ; one may begin at an earlier period than the rest, and 
another may come down to a later point of time. In the small part 
of the globe hitherto examined, it is hardly to be expected that we 
should have discovered either the oldest or the newest members of 
each of the four classes of rocks. Thus, if there be primary, second- 
ary, and tertiary rocks of the aqueous or fossiliferous class, and in 
like manner primary, secondary, and tertiary hypogenc formations, 
we may not be yet acquainted with the most ancient of the primary 
fossiliferous beds^ or with tbe neweai of the hypogene. 
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CHAPTER IX. 

ox THE DIFFERENT AGES OF THE AQUEOUS BOCKS. 

On the three principal tests of relative age— superposition, mineral character, and 
fossils — Change of mineral character and fossils in the same continuous forma> 
• tion — Prooft that distinct species of animals and plants have lired at successive 
periods — Distinct provinces of indigenous species— Great extent of single pro- 
vinces— Similar laivs prevailed at successive geological periods— lielative 
importance of mineral and palteontulogical characters— Test of ago by included 
fragments — Frequent absence of strata of intervening periods — Principal groups 
of strata in western Europe —Tabular views of fossiliferous strata. 

In the last chapter I spoke generally of the chronological relations of 
the four great classes of rocks, and I shall now treat of the aqueous 
rocks in particular, or of the successive periods at which the different 
fossiliferous formations have been deposited. 

There are three principal tests by which we determine the age of 
a given set of strata; first, superposition; secondly, mineral cha- 
racter ; and, thirdly, organic remains. Some aid can occasionally be 
derived from a fourth kind of proof, namely, the fact of one deposit 
including in it fragments of a pre-existing rock, by which the rela- 
tive ages of the two may, even in the absence of all other evidence, 
be determined. 

Superposition , — The first and principal test of the age of one 
aqueous deposit, as compared to another, is relative position. It has 
been already stated, that, where strata are horizontal, the bed which 
lies uppermost is the newest of the whole, and that which lies at the 
bottom the most ancient. So, of a scries of sedimentary formations, 
they are like volumes of history, in which each writer has recorded 
the annals of his own times, and then laid down the book, with the 
last written page uppermost, upon the volume in which the events of 
the era immediately preceding were commemorated. In this manner 
a lofty pile of chronicles is at length accumulated ; and they are so 
arranged as to indicate, by their position alone, the order in which 
the events recorded in them have occurred. 

In regard to the crust of the earth, liowevcr, there arc some re- 
gions where, as the student has already been informed, the beds have 
been disturbed, and sometimes extensively thrown over and turned 
upside down. (See pp. 58, 59.) But an experienced geologist can 
rarely be deceived by these exceptional cases. When he finds that 
the strata aro fractured, curved, inclined, or vertical, he knows that 
the original order of superposition must be doubtful, and lie then 
endea||pur 3 to find sections in some neighbouring district where the 
strata are horizontal, or only slightly inclined. Here, the true order 
of sequence of the entire series of deposits being ascertained, a key is 
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furnished for settling tho chronology of those strata where the dis- 
placement is extreme. 

Mineral character. — The same rocks may often be observed to 
retain for miles, or even hundreds of miles, the same mineral pecu- 
liarities, if Ave follow tlie planes of stratification, or trace the beds, if 
they bo undisturbed, in a horizontal direction. But if we pursue 
them vertically, or in any direction transverse to tlie planes of strati- 
fication, this uniformity ceases almost immediately. In that case we 
can scarc(*ly ever penetrate a stratified mass for a few hundred yards 
Avithout beholding a succession of extremely dissimilar rocks, some of 
fine, others of coarse grain, some of mechanical, others of clK^mical 
origin ; some calcareous, others argillaceous, and others siliceous. 
These phenomena lead to the conclusion, that rivers and currents 
have dispersed the same sediment over Avide areas at one period, but 
at successive periods have been charged, in the same region, Avith 
very different kinds of matter. The first observers were so astonished 
at the vast spaces over Avhich they wbre able to follow the same homo- 
geneous rocks in a horizontal direction, that tliej'' came hastily to the 
opinion, that the whole globe had been environed by a succession of 
distinct aqueous formations, disposed round the nucleus of the planet, 
like the concentric coats of an onion. But although, in fact, some 
formations may be continuous over districts as large as half of Europe, 
or even more, yet most of them either terminate Avholly Avitliin narrower 
limits, or soon change their lithological character. Somctim(‘s they 
thin out gradually, as if the supply of sediment had failed in that 
direction, or they come abruptly to ah end, as if we had arrived at the 
borders of the ancient sea or lake which served as their receptacle. 
It no less frequently happens that they vary in mineral aspect and 
composition, as we pursue them horizontally. For example, we trace 
a limestone for a hundred miles, until it becom(?s more areiiac(*ous, 
and finally passes into sand, or sandstone. We may then folloAv this 
sandstone, already proved by its continuity to be of the same age, 
throughout another district a hundred miles or more in length. 

Organic remains. — This character must be used as a criterion of 
the age of a formation or of the contemporaneous origin of two 
deposits in distant places, under very much the same restrictions as 
the test of mineral composition. 

First, the same fossils may be traced over wide .regions, if av(» 
examine' strata in the direction of their planes, although by no means 
for imlefiiiitc distance.s. 

Secondly, Avliilc the same fossils prevail in a particular si*t of 
strata for hundreds of miles in a horizontal direction, we seldom meet 
Avitli the same remains for many fathoms, and very rarely for several 
hundred yards, in a vertical line, or a line transverse to the strata. 
Tliis fact has iioav b(!eii verifi m 1 in almost all parts of the globe, and 
has led to a conviction, that at successive periods of the past, the 
same area of land and Avater has been inliabitcd by species of ^imals 
and plants even more distinct tlian those Avbich now people tW anti- 
podes, or Avhicli now co-exist in the arctic, temperate, and tropical 
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zones. It appears, that from remotest periods there has* been 
ever a coming in of new organic forms, and an extinction of those 
which pre-existed on the earth ; some species having endured for a 
longer, others for a shorter, time ; while none have ever re-appeared 
after once dying out. The law which has governed the succession 
of species, whether we adopt or reject the theory of transmutation, 
seems to be expressed in the verse of the poet, — 

Natura il face, e poi ruppe la stampa. Ariosto. 

Nature made him, and then broke the die. 

And this circumstance it is, which conltTs on fossils their highest 
value as chronological tests, giving to eacli of them, in the eyes of 
the geologist, that authority which belongs to contemporary medals 
in history. 

The same cannot be said of each pexuliar variety of rock; for 
some of these, as red marl and red sandstone, for example, may 
occur at once at the top, bottom, and middle of the entire sedi- 
mentary series ; exhibiting in each position so perfect an identity of 
mineral aspect as to be undistinguishable. Such exact rejietitions, 
however, of the same mixtures of sediment have not often been pro- 
duced, at distant periods, in precisely the same parts of the globe ; 
and, even where this has happened, we are seldom in any danger of 
confounding together the monuments of remote eras, when we have 
studied their imbedded fossils and their ^dative position. 

It was remarked that the same species of organic remains cannot 
be traced horizontally, or in the <liroctJon of the planes of strati- 
iication for indefinite distances. This might have been expected 
from analogy; for when we inquire into the present distribution of 
living beings we find that the habitable surface of the sea and land 
may be divided into a considerable number of distinct provinces, 
each peopled by a peculiar assemblage of animals and plants. In the 
Principles of Geology, I have endeavoured to point out the extent 
and j)rol)iible origin of these separate divisions; and it was shown 
that climate is only one of many causes on which tliey depend, and 
that difference of longitude as well as latitude is generally accom- 
}>anied by a dissimilarity of indigenous species. 

As different seas, tlicreforo, and lakes an^ inhabited, at the same 
period, by different aquatic animals and jdants, and as llie lands ad- 
joining tliese may be jieopled by distinct terrestrial sj)ecies, it follows 
that distinct fossils will be imbedded in eontemporaneous deposits 
If it were otherwise — if tlie same species aboundc'd in ev<'ry climate, 
or in every part of the globe wIkto, so far as w(‘ can discover, a 
corresponding temperature and other conditions favourable to tlieir 
existence arc found — the identification of mim'ral masses of tlie 
same age, by means of their included organic contents, would bo a 
matter of still greater certainty. 

Nevertheless, the extent of some single zoological provinces, espe- 
cial!/ those of marine animals, is very great ; and our geological 
researches have proved tliat the same laws prevailed at remote 
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periods ; for the fossils are often id^tical throughout wide spaces, and 
in detached deposits, consisting OT'rocks varying entirely in their 
mineral nature. 

The doctrine hero laid down will bo more readily understood, if we 
reflect on what is now going on in the Mediterranean. That entire 
sea may be considered as one zoological province ; for although certain 
species of testacca and zoophytes may bo very local, and each region 
has probably some species peculiar to it, still a considerable numbir 
are common to the whole Mediterranean. If, therefore, at some 
future period, the bed of this inland sea should be converted into land, 
the geologist might be enabled, by reference to organic remains, to 
prove the contemporaneous origin of various mineral masses scattered ' 
over a space equal in area to half of Europe. 

Deposits, for example, are well known to be now in progress in this 
sea in the deltas of the Po, Rhone, Nile, and other rivers, which differ 
as greatly from each other in the nature of their sediment as does the 
composition of the mountains which tliey drain. There are also other 
quarters of the Mediterranean, as off the coast of Campania, or near 
the base of Etna, in Sicily, or in the Grecian Archipelago, where 
another class of rocks is now forming; where showers of volcanic 
ashes occasionally fall into the sea, and streams of lava overflow its 
bottom ; and where, in the intervals between volcanic eruptions, beds 
of sand and clay arc frequently derived from the waste of cliffs, or 
the turbid waters of rivers. Limestones, moreover, such as the Italian 
travertins, arc h(*rc and there precipitated from the waters of mineral 
springs, some of which rise up from the bottom of the sea. In all 
these detached formations, so diversified in their lithological cha- 
racters, the remains of the same shells, corals, Crustacea, and fish an» 
becoming inclosed ; or, at least, a sufficient number must be common 
to the different localities to enable the zoologist to refer them all to 
one contemporaneous assemblage of species. 

There are, however, certain combinations of geographical circum- 
stances which cause distinct provinces of animals and plants to be 
separated from each other by very narrow limits ; and hence it must 
happen, that strata will be sometimes formed in contiguous^egions, 
differing widely both in mineral contents and organic remains. Thus, 
for example, the testacca, zoophytes, and fish of the Red Sea are, as 
a group, extremely distinct from those inhabiting the adjoining parts 
of the Mediterranean, although the two seas are separated only by 
the narrow isthmus of Suez. Of the bivalve shells, according to 
Philippi, not more than a fifth are common to the Red Sea and the 
sea around Sicily, while the proportion of univalves (or Gasteropoda) 
is still smaller, not exceeding eighteen in a hundred. Calcareous 
formations have accumulated on a great scale in the Red Sea in 
modern times, and fossil shells of existing species are well preserved 
therein ; and wo know that at tho mouth of the Nile large deposits 
of mud are amassed, including the remains of Mediterranean species. 

It follows, therefore, that if at some future period the bed of the 
Red Sea should be laid dry, the geologist might experience great 
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difficulties in endeavouring to ascertain the relative age of these 
formations, which, although dissimi}^r both in organic and mineral 
characters, were of synchronous origin. 

But, on the other hand, we must not forget that the north-western 
shores of the Arabian Gulf, the plains of Egypt, and the isthmus of 
Suez are all parts of one province of terrestrial species. Small 
streams, therefore, occasional land-floods, and those winds which drift 
clouds of sand along the deserts might carry down into the Red Sea 
the same shells of 'Euviatile and land testacea which the Nile is 
sweeping into its delta, together with some remains of terrestrial 
. plants and the bones of quadrupeds, whereby the groups of strata, 
before alluded to, might, notwithstanding the discrepancy of their 
mineral composition and marine organic fossils, be shown to have 
belonged to the same epoch. 

Yet while rivers may thus carry down the same fluviatile and 
terrestrial spoils into two or more seas inhabited by different marine 
species, it will much more frequently happen, that the co-existence 
of terrestrial species of distinct zoological and botanical provinces 
will be proved by the identity of the marine beings which inhabited 
tlue int(*rvening space. Thus, for example, the land quadrupeds and 
shells of the south of Europe, north of Africa, and north-west of 
Asia differ considerably, yet their remains are all washed down by 
rivers flowing from these three countries into the Mediterranean. 

In some parts of the globe, at the ^present period, the lino of 
demarcation between distinct provinces of animals and plants is not 
very strongly marked, especially -where the change is determined by 
temperature, as it is in seas extending from the temperate to the tropical 
zone, or from the temperate to the arctic regions. Here a gradual 
j)assngc lakes place from one set of species to another. In like 
manner the geologist, in studying particular formations of remote 
periods, has sometimes been able to trace the gradation from one 
ancient province to another, by observing carefully the fossils of all 
the intermediate places. His success in thus acquiring a knowledge 
of the zoologi(!al or botanical geography of very distant eras has been 
mainly owing to this circumstance, that the mineral character has no 
tendency to be affected by climate. A large river may convey 
yellow or red mud into some part of the ocean, where it may be 
dispersed by a current over an area several hundred leagues in 
length, so as to .pass from the tropics into the temperate zone. If 
the bottom of the sea be afterwards upraised, the organic remains 
imbedded in such yellow or red strata may indicate the different 
animals or plants which once inhabited at the same time the tem- 
perate and equatorial regions. 

It may be true, as a general rule, that groups of the same species 
of animals and plants may extend over wider areas than deposits of 
homogeneous composition ; and if so, palaeontological characters will 
be of more importance in geological classification than the test of 
mineral composition ; but it is idle to discuss the relative value of 
these tests, as the aid of both is indispensable, and it fortunately 
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happens, that where the one criterion fails, we can often avail our- 
selves of the other. , 

Test by included fragments of older rocks , — It was slated, that 
indcpeiKh'nt proof may sometimes be obtained of tlie relative date of 
two formations, by fragments of an older rock being included in a 
newer one. This evidence may sometimes be of great use, where a 
g(*ologi.st is at a loss to determine the relative ago of two formations 
from want ol’ clear sections exhibiting their true order of position, or 
because the strata of each group are vertical. In such cases wo 
soni(‘times discover that the more modcTii rock has been in part 
dt'iived from the degradation of the older. Thus, for cxam])le, wo 
may find chalk with flints in one part of a country ; and, in anotlier, 
a distinct hwinfition, consisting of alternations of clay, sand, and 
])(‘l)bles. If some of these pebbles consist of similar flint, including 
fossil shells, sponges, and foraminifera, of the same species as thosi^ 
in th(i chalk, we may confidently inter that the chalk is the oldest of 
the two formations. 

Chronological groups , — The number of groups into which the 
fossiliferous strata may be separated arc more or less numerous, 
according to the views of classification which diiUu-ent geologists 
entertain; but when wc have adopt(‘d a certain system of arrange- 
ment, we iininediatcdy find that a few only of the entire series of 
groups occur one upon the other in any single section or district. 

The thinning out of individual strata was before described (p. 16.). 


Fip. 102. 

1 
2 
3 

« 

7 

But let the annexed diagram represent seven fossiliferous groups, 
5n*tead of as many strata. It will then be seen that in the middle 
all the superimposed formations are present; but in cons(*quence of 
some of them thinning out, No. 2, and No. 5. arc absent at one 
extremity of the section, and No. 4. at the otluT. 

In anotlier diagram, fig. 103., a real section of tlie geological 
formations in the neighbourhood of Bristol and the Mendip Hills is 
presentiid to the reader, as laid down on a true scale by Profi'ssor 
Tlamsay, where the newer groups 1, 2, 3, 4. rest unconformably on 
tfic formations 5 and 6. Here at the southern end of the line of 
section we meet with the beds No. 3. (the New Red Sandstone) resting 
immedintcly on No. 6., while farther north, as at Dundry Hill, wes 
behold six groups superimposed one upon the other, comprising all 
the strata from the inferior oolite to the coal and carboniferous 
limestone. The limited extension of the groups 1 and 2. is owing 
to denudation, as these formation? end abruptly, and have left 
outlying patches to attest the fact of their having originally covered 
a much wider area. 
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Fig. 103. 

S Dundr}’ Hill. N 



I..ength of scclion 4 milei. a, b. Level of the sea. 

1. Inferior oolite. .1. Coal measures. 

2. Lias. 6. Carboniferous limestone. 

.1. New red sandstone. 7. Old red sandstone. 

4. Magnesian coiigloiiierate. 

In many instances, however, the entire absence of one or more 
formations of intervening periods between two groups, such as 3. 
and 5. in the same section, arises, not from the destruction of what 
once (‘xisted, but because no strata of an intermediate age were ever 
deposited on the inh'rior rock. They were not formed at that place, 
either because the region was dry land during the interval, or because 
it was part of a sea or lake to which no sediment was carried. 

In order, therefore, to establish a chronological succession of 
fossiliferous groups, a geologist must begin with a single section in 
wliieh several .sets of strata lie one upon the other. He must then 
trace those formations, by attention to their mineral character and 
f(>>sils, continuously, as far as possible, from the starting point. As 
ofr(‘n as he meets with now groups, he must ascertain by super- 
position llieir age relatively to those first cxamincfl, and thus learn 
how to intorealaie them in a tabular arrangement of the whole. 

Ily this ineaiia tlic German, French, and English geologists have 
determined the succession of strata throughout a great part of 
Europe, and have adopted pretty generally the following groups, 
almost all of which have their representatives in the British Islands. 

Groups of Fossiliferous Strata observed in JFcstcrn Europe, ar- 
ranged in what is termed a descending Scries, or beginning with 
the newest, {See a more detailed Tabular view, pp. 102. 106.; 


1. Post-Tcrtlary, including Kocent and 

2, IMijicoiiu. 

4. Kocciic. 

.5. Chalk. 

f). Ciivi'iisand and Wcaldon. 

7. Upper Oolite, including iho Piirbcck. 

8. *Mhhlle Oolite. 

9. Lower Oolite. 

10. Lias. 

11. Trias. 


Tertiary, Supracrctaccoiis’^, 
or Cainozoic.t 


■Secomlai-y, or Mesozoic. 

J 


For ti'fti.-iry, Sir IL Oo La Heclic 
UM’il the term •Siipnicrcfaecori.s,'* a 
le imj dying that the btruta so called 


are superior in position to the rh.ilk. 

f For ail explanation of Caino/oh 
iStc. see above, p. 92. 
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12. Permian. 

1 3. Coal. 

14. Old Red Sandstone, or Deyoiiian. 

15. Upper Silurian. 

16. Lower Silurian. 

17. Cambrian and older fossiliferous strata. 

It is not pretended that the three principal sections in the above 
table, called primary, secondary, and tertiary, are of equivalent im- 
portance, or that the seventeen subordinate groups compris(^ monu- 
rnents relating to equal portions of past time, or of the earth’s his- 
tory. But we can assert that they each relate to successive periods, 
during which certain animals and plants, for the most part peculiar’ 
to their respective eras, have flourished, and during which diflerent 
kinds of sediment were deposited in the space now occupied by 
Europe. 

If we were disposed, on palasontological grounds *, to divide the 
entire fossiliferous scries into a few groups ka*? nuoierous than those? 
in the above table, and more nearly co-ordinate in value than the 
sections called primary, secondary, and tertiary, we might, perhaps, 
adopt the eight groups or periods given in the next table. 

At the same time, I may observe, that, in the present state of the 
science, when we have not yet compared the evidence derivable from 
all classes of fossils, not even those most generally distributed, such 
as shells, corjls, and fish, such generalizations jire premature, and can 
only be regarded as conjectural or provisional schemes for the found- 
ing of largo natural groups. 




Primary, ^ Palaeozoic. 


Fossiliferous Strata of Western Europe divided into Eight Grottps. 


1 . 


2 . 


3. 


4. 


5. 


6 . 


7. 


8 . 


Post- Tertiary and Ter- 
tiary - 

Cretaceous - 
Oolitic - 


Ter- 1 


Triossio 


1 


Permian and Carboni- 
ferous - - ^ 

Devonian or Old Red\ 
Sandstone - 

Silurian 
Cambrian 


■ 

■} 


from the Recent to the Eocene inclusive. 

from the Maestricht Chalk to the Wealden inclu- 
sive. 

from the Purbeck to the Lias inclusive, 
including the Kcuper, Muschelkalk, and Bunter- 
Sandstein of the Germans, 
including Magnesian Limestone, Coal Measures, 
and Mountain Limestone, 
from the Yellow Sandstone of Fife to the Forfar- 
shire paving stones with ccphalaspis. 
from the Upper Ludlow to the Bala Limestone, 
and Graptolite Schists. 

from the L*'^gula flags or primordial zone of Bar- 
rande to the lowest known fossiliferous rocks. 


But the following more detailed list of fossiliferous strata, divi<lc(l 
into a greater number of sections, will be found useful by the reader 
when he is studying our descriptions of the sedimentary formations 
given in the next 18 chapters. 


• Paleontology is the science which cient, ovro, onto, beings, and Aoyos, logos, 
treats of fossil remains, both animal and a discourse, 
vegetable. Etgm, iraXam, palaios, an- 
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ABRIDGED GENERAL TABLE OF FOSSILIFEROUS STRATA. 


1. RECENT. \ 

2. POST-PLIOCENE. ) 

3. NEWER PLIOCENE. \ 

4. OLDER PLIOCENE. j 

а. UPPER MIOCENE. x 

б. LOWER MIOCENE. J 

7. UPPER EOCENE. 

8. MIDDLE EOCENE. 

D. LOWER EOCENE. 

10. MAESTIIICHT BEDS. ' 

11. WHITE CHALK. 

12. UPPER GREENSAND. 

13. GAULT. 

14. LOWER GREENSAND. 

1.^ WKALDEN. 

16. PUUBECK BEDS. 

17. PORTLAND STONE. 

18. KIMMERIDGE CLAY. 

10. CORAL RAG. 

20. OXFORD CLAY. 

21. GREAT or BATH OOLITE. 

22. INFERIOR OOLITE. 


VOST-TB&TZART. 

PXiXOCfiNB. 

nSZOCBlTB. 

BOCBITB. 


CBBTACBOV8. 


JURASSIC. 


O 

P5 R 
O 

H op 

a I 


« a 

I mN 

O c/3 
O W 




23. LIAS. 

J 


24. UPPER 

TRIAS. 


25. MIDDLE 

TRIAS. 

■ TRZASSZC. 

26. LOWER 

TRIAS. 


27. PERMIAN. 

PBRMZAW. 1 

28. COAL-MEASURES. ^ 


2D. CARBONIFEROUS 

. CARBOXrZTBROUS. 

LIMESTONE. J 


30. UPPER ' 



31. MIDDLE 

.DEVONIAN. 

DBVORZAB. 

32. LOWER J 



83. UPPER ' 



34. MIDDLE 

3.5. LOWER , 

SILURIAN. 

SZXiURZAB. 

36. UPPER ] 

37. LOWER ] 

CAMBRIAN. 

CAMBRIASr. 

.38. UPPER 

^LAUIlENTIAN. 

XiAURBBTZABT. 

39. LOWER J 
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rAL.®OZOIC. NEOZOIC. 



TAUFLAR VIEW 

OP 

THE FOSSILTFEROUS STRATA, 

SHOWING THE OKDEU OF SUPElfPOSlTJON CHllONOLOGICAL SUCCESSION OF THE PRINCIPA.I. 
GHOUPS, WITH HEFEHENCE TO THE PAGES WHERE THEY ARE DESCRIHED IN THIS WORK. 


BSCSXT 


J*()ST- 

TERTIAEY 


2 

POST- 

PLIOCENE 


POST-TEllTIARY. 

{Terrains contcmporains ct quaternaircs). 

Examples. 

IfriV/s7t— Mariiip strata, with human ^omaiIls^ 
oil cobnI of Cornwall (y». 100). 

Marine strata, with eaiioes,in the estuary of the 
Clyde (p. liKi). 

jPoreiV/w— Daiiihh peat (kitehen-mitlilens), with 
( iiiiplenieiits of broir/e iiiul stone (]>. 110). 
Lneiistrine 11111(1. witli remains of Swiss lake* 
(Iwellinjrs and iiiiiilenients of Btoiio and 
UK'tal (]). no). 

Marine strata iiielosiiiK Temple of Scrapis, at 
Pnrziioli (p. 100). 

Lacustrine strata of ^^ashmere (yi. 1ml). J 

{'Hritish— Loaniof Urkhani ('ave. with Hint knives'^ 
and hoims of eitiiict and liviiiy; (iiiatliupeds 
(p. 124). 

Vall<*y travels or ancient alluvium of the 
Thames and Ouse, with stone imydeiiieiils 
(|i. 117h 

(riaeial drift of Siiotlaiid, with marine sluills (p. 

ni). 

IJoiihler formation of Norfolk (dills fyi. Ifd). 
Eorest-h(*(l of Norfolk elills, w'ith bones of 
elephant, Ac. (p. ir»l). 

(llaeml drift of W.ales with innriiie fossil shells 
nearly l,4uo ft'ot liiKli, on 3Iocl Trylaen (yi. 

( JbnvV/w— .\ncient Valley gravels of Amiens, willi 
(lint iinpleriK'iils and liuno^ of extinct iiiam- 
iiialia (p. llfl). 

Lo(*ss of Jthiiie (yip. 117, 118). 

Ancient Nile-iiiiiu forniniK river-terraces (p. 
IIS). 

Marine str.ata of Sardinia, 300 feet alam* sea- 
level, with yiottery and bones of extinct 
cyiiadruyM'ds (yi. 121). 

Loam and breccia (»f Liege caverns, with 
liinriaii rciiiaiiis, and bones of e\tinet and 
recent niaiiiiiialia (p. 121). 

Australian (Wc breccias, with bones of eiliiiet 
niarsuyiials (p. 12.')). 

Glacial drift of Noi th(*rn Euroyie (ym. 1 W-151). 
Post-glacial freshwater deposits of North Ame- 
rica with rimiains of mastodon (p. lOG). 


Shells and 
luainuialia.all 
of living 
species. 


Shells, recent 
inaiiiiiialia 
in yiarfc 
extinct. 


PLIOCENE 


3 

NEWER 

PLIOCENE 


ft 

OLBER 

PLIOCENE 


TERTIARY. 

( Terrains frrtiain’s). 

(trUisIt—^nrvfv'h crag, marine, with 11 per cent, of the shells of 
extinct species, ones of Mastortuu arvenensis, &v. (p. IDO). 
Chillesford beds, with uia^ie sliells, J» per cent, extinct, and 
tho.se of living .syiecies cliielly Aretu! (p. 190). 

Uridliinctoii beds, iriariim Arctic fauna, conimeiiccracnt of 
I ulacial eyioch (p. 198 ). 

' Foreif/H—TuffH of l.schia (p. 188) ) Marine shells of which 

' Coiio of Moiito Soiiiina (p. 189) > 1 to 7 per cent, of the 

Kasterii base of Mount Etna (yi. 189) I species extinct. 
Galeareous aiyi argillaeeons strata and volcanic tnfl’s of Sicily, 
with shells irom JO to 30 yiCreont. of extinct syieeies (yi.lOl). 
Lacustrine strata of UpyjcrVal d'Amo, with Masiodon arver- 
\ iicnsis, Ac. (p. 193) ■ 

' liniish'-HA'd crag of Suffolk, marine shells, some of northern 
I K»rnjs, 40 tWT cent, of extinct species (pyi. 199, 204). 

I Wliile or coralline crag of Sull'ulk, testacea less northern, 48 
i per cent, of extinct syiecies. 

Foreian—Uppvr and iniJdle Anlw'crp crag, shells from 40 to 50 
i yior cent, extinct, bones of cctac»‘a numerous (p. 205). 

1 Subayienninc marls and sands (p. 207). 

I Aralu-Caspian brack ish-wator formations (p. 209). 
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5 

UPPER 

MIOCENE 


Examples. 

^British— a. ferruginous sands of North Powns ? (p. 233). 

ForMgn^o. Ed^hcm beds, Antwerp, with shells 61 per cent, 
uf extinct species (p. 232). 

a. Dicst sands (p. 232). 

Bolderberg la*ds of Relgiuni (p. 233). 

fahins of Touraine, with testacca of sub-tropical charactor, 
iJinoihcrium, &c. (p. 211). 

f aluns, proper, of Bordeaux (p. 230). 

fresliwater strata of Gers, with romains of quadnimana 
(p. 231). 

Sands of Eppclsheim, with falunian qiiadrui)eds (p. 241). 

' Vienna basin, with shells four-fifths extinct species, and Bino- 
thcHum (p. 241). 

Beds of the Siiperga near Tur.n (p. 244). 

Deposit at Pikerui6, near ADumis, with fossil pachyderms and 
apes (p. 245). 

Swiss (Eiiiiigcai bi*ds, rich in plants .and insects (pp. 2^16-252). 

Marine uiolasse, Switzerland (p. ‘i.’i.'i). 

Siwfllik hills, with freshwater shells and c^ttinet quadrupeds 
(p. 273). 

Marine strata of the Atlantic border in the United States 
(p. 274). 

Voleanic luff and limestone of iladeira, the Canaries, and the 

^ Azores (p. 067). 

BivV/s/t— Hempstead beds, marine and frenliwater strata (p. 237). 

Lignites and clays of Bovey Tracey, plants of sub-tropical 
character ()i. 23s). 

Isle of Mull leaf-hed, volcanic tuff (p. 240). 


6 ! 
ROWER j 
MIOCENE ^ 


UPPER \ 
EOCENE 


Furi'tffH -(’alcaire dela kc. (p. 217). 

Gr6s de Fontainebleau (p. 217). 

liacustrine strata of the Liniagne d’ Auvergne (p. 220), and of 
tile Cantal (p. 2210. 

Lower nnirhieaiwl liraekisli strata of Bordc'aux, >vith CerHhium 
plhntumt Ac. (p. 2.30). ' 

3Iayene«* basin, Littorindla limestone, and marls with Cymm 
St nftsfrhUa, Ae. (p. 211). 

IhulalKtj bods of Oroatia, with fossil plants and insects (p. 243) . 

Brown coal of G4*rinauy (p. 244). 

Lower niolasse of Switzerland, freshwater and brackish, with 
Mib-lropieal flora (pp. 2r)(i-2Gl). 

Rnpdiaii beds of Diuiiont, with Leda Ihshnycsinna, Ac. (p. 235). 

Miiblle Limburg (Kleyn Spaw^eu) bods (Unper Tongriaii of 
Diiinout), witli marine and freshwater sholls (p. 236). 

Lower Limburg (Lower Tongriaii of Dmnont) with marine 
slu’lls, one-third eoinmon to Ujiper Eocene (p. 236). 

N«*braska beds, with bones of i-xliiict (iiiadrupeds and chelo- 
nians (p. 276). 

British — I. Hembridgc, lluvio-marinc strata with Palco- 
theriuiH, Ac. (p. 2Hlj. 

2. Osborne or St. Helen’s series (p. 282). 

3. Headon N<*ries, with marine ai.d freshwater shells ()). 282). 

4. Barton clay, with niiramnlites (]). 285;. 

Funit/n—l. Gypsum of Montmartre, freshwater with Paletdlie- 
ritnn (p. 267). 

2. Calcairc silicieux. or Trav<Tlin iiiferionr (p. 300). 

3. Gnis dc Beauchamp or Sables moyens (i\ 300). 


I Bwtish—\. Bagshot and Broeklesham ImvIs (p. 287). 

2. M liite clays of Alum Bay. w'ith plants of tropical genera 
8 I (P. 

BSIDBRE . Fnreignt-\. Calcairc grossier, miholitic limestone (p. 300). 


EOCENl^ 


9 

ROWER 

EOCENE 


2. Soissonnais sands, or Jiits coqiiilliers, with XummvUfcs 

ptanulata (p. fU)2). 

3. Claiborne beds of United States, with Orhitoides and Zeiirj- 
^ lodon (p. 306). 

I ' British — London <*lay pro}a*r, shells, flsh, ami jilants of sub- 
tropical types (p. 280). 

2. Plastic or mottlwl clays of Woolwich, fluvio-marine (p. 292). 
3. Thnnct sands, with Fholadomya, &e. (p. 29r)). 

F(treigu~l. Argile de Londres near Dunkirk (p. 295). 

2. A»gilc plastique, with Gastor^tts parisiensis (p. 303). 

^ 3. Sables de Braeheux, with Arciocyon prinutvus (p. 303). 
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CRETACK- 

ors. 

( Terrains 
crlta(U) 


10 

UPPER 

CRETACE- 

OUS 


11 

EOWER 

CRETACE- 

OUS 

or 

ITEOCO- 

MZAXr 


12 

UPPER 

OOEZTE 


OOLITE 
{Ter nans f 
jarassiqiies)\ 
ill part 


jnrof^siqves) 


TRIAS 
{Nouvmv 
grh rouge) 


16 

UPPER 

TRZAS 


17 

MZOI>EE 

TRIAS 

18 

EOWER 

TRZAS 


13 

MZ1>DEE 

OOZiZTS 


1ft 

EOWER 

OOEZTS 


SECONDARY. 

( Terrains secondaires), 

Examples. 

'^British— \. Waiitinir. 

2. Wliite chalk with flints, marine (p. 319). 

3. Chalk marl, marino (p.328). 

4. Upper Kretnisand-flre-atono of Surrey, marine (p. 319). 

5. Gault— (lark blue marl of HOuth>east of England (p. 329). 

Bla(!kdown lieds of littoral origin (p. 33U). 

Foreign — Maostrirht beds, with Musasaurus (p. 313). 
j Eaxoc chalk with Naulihns dnnicus, &c. ([>. ;m). 

\ 2. White chalk of France, Sweden, and Russia (ji. 310). 

3. Plkner-kalk of Saxony (n. 322). 

2 and 3. Sands and clays of Aix>lnrChapello, with preponder- 
ance of dicotyhMlouoiis angiosiftrms (p. 331). 

4 . Quader sandstitin of Germany (p. 3.32). 

5. Gault of the Loirt' (p. 329). 

2 and :l if ippurite limestone of South of France (p. 333). 

2 to 5. New jersey U.S. sands and marls (p. 330). 

^ 2 to 6. Siliceous liinesLone of Texas (p. 337). 

Brilis/i—l. Ferruginous and greon sands (p. 339). 

* Ki^tilish r.ig, or ealearmis stone (p.339). 

. Atherlield Ix'ds, marine, with Perwi MullcU (p. 3‘I3). 

2. Weald clay of Siirrey, K(mt, and Sussex, livsliwater, with 

(P* Ott). 

Uasliiigs sands (Tunbridge and Asliburniiam beds), fresh- 
water, Jguauodon Mantel li (p. 3h}). 

Foreign— V. Niwoinian of NiMilcli.'ltel (ij. 339). 

\ 2. Wealdeii bedsof Hariov(3r (p.3t9). 

ITjjpcr rurbeck Iwds, freshwater, Purbeek marble (p. 

377). 

Middle Purbeek fluvin-iiiarino, with numerous inarsupiiil 
qundnipi'ds, Ac. (j». 378). 

, Lower Purb(‘ck freshwater, with intercalated dirt-bed (p. 387). 
Portland stone and sand (p. 391). 

Kitiiiiieridgc clay, bituniinoiis shal(‘, with inarino shells, 24 
per C(Mit. (^million to middle oolite (p. 392). 

Mariu's h gi\vpb(5f*s virguh's of Argoniio (p. 393). 

, Lithographic stone of SoliMihofeii with jlrchteo/tUri/jc (p. 393). 
i' liritish 1 Coral rag of Perksliire, Wilts, and Yorkshire (p.S'.ifi). 
I Oxford chay. with beieninites and annnonitt'S (p. 397). 

( Kello\v.a.> rock of Wilts and Yorkshire, with shells, 21 per cent. 
I cotnuioii to lower oolite (j). 39.8). 

I Forcif/tt—^. Nt'niuuaii linic.stonc of tlu^ Jura. 

' Diccras limestone of the Aljis (p. ,390). 

/ /Ir/Y/W*— (.'ornbrasli and forest marble of Wilts and Gloucestor- 
.sliire (p. .398). 

j Great oolite of Bradford, xvith encrinites, Ac. (p. .399). 

\ Stonesfield slate with marsupials and Anuirarta (i). 402). 

• Fuller’s earth of Bath w'ltli (Jstrea nnnninntn (p. UlS). 

I liilVrtor o(diio, with 21 |h.t cent, of sliells common to givat 
^ (Xilite (p. 410). 

Upper lias, argillaceous, with Ammonites sfriatnlus, Spirifvr, 
and Lcut^ena ()). 413). 

J Shale and limestone, with Anmtmitcs fnfrom (]>. 410). 

\ Marl.stone scries, or middle lias, divisible into three zones with 
charncteristie AmmnnUes (p. 410). 

I Lower lias, divisdile into six 7,on«‘s, Ammonites Barklnndi in 
V the lowest but one, and A. jtlanorbts in tJie lowest zone 
. (p.417). 

Penarth . ovAricnla contorfa Iwds— MTiite has, with lish 
of the genera llubodm^ Ac. (p. 439). 

Dolomitic conglomerate of Bristol, with Thecodontosaurus, See. 
(l». 4M). 

Red clay, with thick beds of salt, at Northwich, in 'Clicsbirc 
y (p.441.). 

\ FVy)Y/ 7 »— Kcuiier beds of Germany, with Microlcstes and llshof 
Iho genera Uubtrltis, &o. (p. 4,30). 

St. Cassiaiior llallstadl beds, with rich marine fliuna (p. 432). 
Coallleld of Ri«'liiriond, Virginia, with Esthena uvata and 
plants rcjsemhling those of Unruiiean Keuper (|>. tl8). 
Chatham coalli Id, North Carolina, with bromatherium (p. 
^ 4.1 i). 

/ Wanting. 

Foreign- - Miischclkalk of Germany, with Encrinus lUiiformis and 
' Flaasl us yigas ( p. 4.30 ) . 

/■/?W/<.v//--Now red .sand.^'tone of Lancashire and Cheshin*, wdth 
j Lahgnnlhadun and footprints of CfudrotheHum (p. 4-41 ). 

j Forciflrn— Buiiter-sandstein of Germany, W'itli footsteps of Laby- 
. W w//iodfm (p. 4,38). 

Red sandstone of (Connecticut Valley, with footprints of birds 
\ and reptiles (p. 450). 
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PERMIAN \ PSRKXiUa' 


(WRIJONT- 
FEKOUS. ' 


20 

UPPER 

CARBOWZ- 

FEROUS 


21 

BOWER 

CARBOEZ- 

FEROUS 


22 

UPPER 

BEVO- 

XVZAEr 


DEVON'T.VN 

or 

IvED 

SANl)N'n)NH 

(Tirrani ^ MIBBliE 
Ih f’onirn, BEVO- 

Vini.v (jres WIAR 

rouge) 


2ft 

BOWER 

BEVO- 

KZAR 


PRIMARY. 

{Terrains pcUhsotques), 

EXAMFLE.S. 

itritish—u CoiuTi'tionary magnesian limestone of Durham and 
Yorkshire (p. 457). 

2. Dn^etdatod magnesian limestone of Tynemouth cliff, &c. 

(p. 467). 

3. Fossiliforous magnesian limestone, with Fenestcitarctiformis 

(p.458). 

4. Compact nun^ncsian limestono (p. 459). 

6. Marl-slate of Durham, with heterocercal fish (p. 459). 

/ 6. inferior sandstones, with plants resembling those of the 

coal, iuit difforing in speei'^s (p. 460). 

Foreign— Stinkstein orThnniigia (p. 450). 

2. lUuchwackc, ihul. (p. 450). 

.S. Dolomite or U])perZechstein (p. 401). 

4. Zochstein oi Lower Zechsioin (i). 401). 

5. Mi rgel-schicfcr or Kupferschicrer, with Frotorosaurus (p. 

4411). 

fl. l^)th-]iegendcs of Thuringia, with Fsaronim (p. 4C1). 

V M:ign(stiaii limestones, &c., of Russia (p. 400). 

^ Ur it isU—C.omX measures of South Wales, with uiiderclays enclos- 
ing Stignuiria (p. 40.6). 

(^)al measures of Ooalbrook Dale (p. 490). 

Millstone grit (|). 403). 

Carboniferous rocks of Ireland (p. 40 1). 

\ i'VnYv//»— St. Ktieime coallield, with erect fossil trees (p. 4S0). 
Coalliehl of Saarbriiek with Archegnmunis (p. 502), 
C.arboiiifepfms strata of Nova .Scotia, with fossil forc'sts, and 
land-slM‘U Fupa reiitsfa (p. 509). 

Aiipalaehian csiallield, 720 miles long and 180 miles wide, with 
\ footprints of Cheirotherium (p. .600). 

Mountain limestone 6f Wales and South of England, 
witli marine fossils, eliudly cor.als and erinoids (p. 512). 

Same in Somersetshire and Ireland, with lish-beds (p. .617). 

} CarboniftToiis limestone of Scotland alteniating withcoal- 
\ bearing .sandstones (p. 401-). 

Mountain limestone of Ih'lgium (p. 517). 

I Kiesel-schiefer and .Tiingero (i rail wacko of Germany, with 
I Foshtonornga Jtvchcri (p. 518). 

Gyjiseous beds and EnenuiUl hinc.stonc, Nova Seotia (p. 519). 

I Yellow sandstone of Dura Den, with Glgpiolarmus (p. 

I 521, 520) ; and of Kilkenny with fossil lish (p. 521). 

) niton group of North DeNon, willi Sjnnfi r dinjunclus (p. 

m). 

Pethersvyii group of Cornwall, with ClymenutSkmlCypridina 
(p.033). 

Feiv// 7 M— (''lymenien-kalk and Cyiiriiliiien-schiefnr of Germany 
(!>. .63.3). 

Limestones of the Flchtclgebirgo, with trilf»bites of the genera 
Jirontes, kc. (!>. 5.'i;i). 

\ Catskiil ami Chemung group of New York, U.S. (p. 540). 
British - Samlslones of Forfarshire and Perthshire, with Holo- 
ptychius, &e, (p. 522). 

Biiumijioii.ssehist.s of Camrh*. Caithness, &e.. with numerous 
tisli (p. 527). 

Uiifossiliferous scries of Nortli Devon (p. 534). 
llfraeoinbe beils with many tnlobiles and eorals, and with ce- 
lihnlopuda distinct from Upper l)e\oiuaii (p. 534). 
Forcign~~VMv\ lin.estoiio with inidiTlying schists containing 
(’ntnola (p. 537). 

Coniiferousformutioii of Western CanadaaiidNew York (p.539). 

^ Devonian strata of llussia (i>. .637). 

Arbroath paving-stones with Cephalaspis, Pterygotus, 
Olid Parka (p. 537). 

Lower saiidslcnes of Caitlmes.s with Ptcrygotus (p. 623). 
Saiidstoius and slates of ^^le Foreland and Linton (p. .6.37), 
SaiidstonoM of Torquay with broad-winged Spirifcrs (p. 5S7). 
Fom'srw— .South African Dcvoui.an strata w\i]i Uomatonotus, Ac. 
(p. 512). 

Oriskaiiy sandstone of Western Canada and New Y'ork (p. 

L 539). 
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8ir,1TRT.\X 

( 71 rridii 

tiduran) 


CAM- 

13IUAN 


LAUREN- 

TJAX 


J'XA-Ml’IJSfl. 

^ f Bnfis7i—V]t\H‘r Ludlow formation, Dowiiton sandHtone, with 

Iioih'-IxhI ill the upper part ; grey sandstone with Bhf/nconella 
I ft luru/a ( IK rtiS-O). 

25 I Lower Ludlow formation, eompriNing Aymestry limostono and 
UPPER Ludlow slialc, with oldest known iish nmiaiiis Cp. C51). 

CTT-irP TA iw . Wi'iiJ(K‘k limestone, with trilobites, Ae. (p. 553). 

Wi'iiloek shale, with graptniitos (j). 555). 

I Woolhope limestone and grit fp. 556). 

1 /VireiV/»--Niagara limestone, with Calymene, Jlomalomtus, &e. 
' (p. 566). 

Upper Llandovery, eomprising Tarannon shale and 
M.iy-hill sandstone and limestone, with Penlamertis Icbvis, 
&e. (i». 556). 

Lower LI indovery slates (p. 557). 

(linton group of Ain(;rie:i, with Penfamerns lrevis,^c, 

( p. 5(»i ). 

^ Silurian strata of Russia, with Vcntameriis (p. 565). 


/ MZDDEE / 
'i SZEURZASr I 


' I'aradoe and Rala beds, with Trinnrlcus Ccitrarfacit Ac. 

(p. r.5H). 


27 I 
ZiOWER 
SZEURXARj i 

I 

V 


Llaiid' ilo Users, \\itli graptolites and interstratifled volcanic 

Lillie (p..')60). 

Lower Llandeilo or Arenig formation, \v\i\v Bulymograyismt 
iumhuis, and interslralihul voleaine tnfls (p. 562). 

Fot'tuyn — riigiiiite orObolns grit of Russia (p. 565). 

Hudson rixer group and Tnoilon liinosi'uie of North Amerie^a, 
with Tnn u'letts, JLe., and Hlai;k Rivit I miestoiie, with large 
Ut't Inter fits (j). .567). 

Orllioecras limestone of Sweden (p. 567). 


I 


28 

UPPER 

CAM- 

ERZAR 

(I’lvuiordiiil /one 
of liaiTaiule) 


29 

EOWER 

CAM- 

BRZAR 

(Lon>:iJi\iKl 

(Jroiip) 

30 

UPPER 

EAURER- 

TZAR 


■ LV<^/.n 7/ - Treinadoe slates, with trilobites of genera, partly 
Silurian, partly “ primordial of Rarr.inde ” (p. 571). 

Liiigitla flags witli Lttnfitht J/tirlsH (p. .572). 

“Prniiotilial ” zone of |{oheiuia, xvith triloiiiles of the 
genera Fnrnduxnlrs. ice. (p. 569). 

Alum schists of Sweden and Norw .’iy (i). .576) 

Fotsdnm s.nndsrone, with D'lkplon yhahtK and OholcUa (p. .576). 
Qiudiee group witli mixed faumi. resinnbling that of Jjower 
' Llaiuleilo and Tremadoe groujis ()>. 578). 

/Lv/'i/z—Itarlecb grits, with Areutrufffeif upars'tut, Ac. (p. 57.3). 

' Id.'inlieris slates, w'ltli zoophytes {Ofilhamia) (ii. 574). 
<//«-“lIuronian scries of Canada (p. 578), 

'\ 

L'n/ov/i— 'Fundameiital gneiss of the Hebrides ? (p. 680). 

I Hyr»erstheiie roeks of Skye ‘r (p. 579) • 

/'Vi/v/i/^i— Labradorite senes north of tlie river St. Lawrence in 
Canada (p. 179). 

' Adirondack inoiiiitains of New York (p. 179). 


31 

EOWER 

EAURER- 

TZAR 


//nVovA— Wanting. (V) 

i /’ore/V/fi -Hedsof gneiss and quartzite, with inter'.tratified lime- 
stones, III one of w’liieh, 1 ,tiot) feet thick, occurs a foramiiiirer 
* JCozQuii Canndenst^t tlie oldest known fossil (p. 579). 
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CHAPTER X. 

KECENT AND POST- PLIOCENE PERIODS. 

Recent nnd Post-pliocenc periods — Terms defined — Forniations of the Recent 
period — Modern littoral deposits containing works of art near Naples — Daiiisli 
peat and shell mounds — ^Swiss lake-dwellings — Periods of stone, bronze, and 
iron — Form of human skulls of the Recent period -Post- pliocene formations — 
Coexistence of man with extinct inauimulia — Higher and Lower-level Valley- 
gravels — Loess or inundation mud of the Nile, Rhine, &c. — Anli([uity of Post- 
j)lioeene Lake-terraces in Switzerland — Upraised marine strata in Sardinia — 
Oi igin of caverns — Remains of man and extinct quadrupeds in cavern deposits 
“-Cave of Jvirkdale— Reindeer period of south of France — Australian cavc- 
bivccias — Geographical relationship of the provinces of living vertebra ta and 
those of extinct Post-jilioccnc species— Kxtinct struthious birds of New Zealand 
— Fluctuations of climate in Post-glacial period — Comparative longevity of 
species iu the mammalia and tcstacea-- Teeth of Recent and Post-pliocene 
mammalia. 

From the general tables, given at the end of the last chapter, the 
rcador will liavc learnt that the uppermost or newest strata are 
ealli'd Post- tertiary, as being more modern than the Tertiary. It 
will also be observed that the Post- tertiary formations arc divided 
into two subordinate groups : the Recent, and Post-pliocene. In 
the foriner, or the Recent, ilie mammalia as well as the shells are 
identical with species now living ; whereas in the Post-pliocene a 
part, and often a considerable part, of the iiuiiimialia belong to ex- 
tinct species. To this nomenclature it may be objected that the term 
Post- pliocene should in strictness include all geological monuments 
posterior in date to the Pliocene; but when I have occasion to speak 
of the whole collectively, I shall call them Pos t- tertiary, and reserve 
the term Post- pliocene for the older Post-tertiary formations, while 
the Upper or newer ones will bo called “ Recent.” 

Cases will occur where it may be scarcely possible to draw the 
boundary line between the Recent and Post-pliocene deposits ; and 
we must expect these difficulties to increase rather than diminish 
with every advance in our knowledge, and iu proportion as gaps arc 
tilled up in the series of records. 

In 1839 I proposed the term Pleistocene as an abbreviation for 
Newer Pliocene, and it soou became popular, having been adopted by 
the late Edward Forbes in his admirable essay on “ The Geological 
Relations of the existing Fauna and Flora of the British Isles but 
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he applied the term almost precisely in the sense in which 1 shall 
use Post-pliocene in this volume, and not as short for Newer Plio- 
cene. In order to prevent confusion, I think it best entirely to 
abstain from the use of Pleistocene in this work, for I find that the 
introduction of such a fourth name (unless restricted solely to the 
older Post-tertiary formations) must render the use of Pliocene, 
in its original extended sense, impossible, and it is often almost 
indispensable to have a single term to comprehend both divisions 
of the Pliocene period.* 


RECENT PERIOD. 

It was stated in the sixth chapter, when I treated of denudation, 
that the dry land, or that part of the earth’s surface which is not 
covered by the waters of lakes or seas, is generally wasting away by 
the incessant action of rain and rivers, and in some cases by 
the undermining and removing power of waves and tides on the sea 
coast. But the rate of waste is very unequal, since the level and 
gently sloping lands, where tliey are protected by a continuous 
covering of vegetation, esca])c nearly all wear and tear, so that they 
may remain for ages in a stationary condition, while the removal of 
matter is constantly widening and dee 2 )ening the intervening ravines 
and valleys. 

The materials, both fine and coarse, carried down annually by 
rivers from tlie higher regions to the lower, and deposited in succes- 
sive strata in the basins of seas and lakes, must be of enormous 
volume. We are always liable to underrate their magnitude, be- 
cause the accumulation of strata is going on out of sight. 

Tliere are, however, causes at w'ork which, in the course of cen- 
turies, tend to render ^visible these modem formations, whether of 
marine or lacustrine origin. For a large portion of the earth’s 
crust is always undergoing a change of level, some areas rising and 
others sinking at the rate of a few inches, or a few feet, perhaps 
sometimes yards, in a century, so that spaces which were once 
subaqueous are gradually converted into land, and others which 
were high and dry become submerged. In consequence of such 
movements we find in certain regions, as in Cashmere for example, 
where the mountains are often shaken by earthquakes, deposits 
which were formed in lakes in the historical period, but through 
which rivers have now cut deep and wide channels. In lacustrine 
strata thus intersected, works of art and freshwater shells are seen. 
In other districts on the borders of the sea, usually at very moderate 
elevations above its level, raised beaches occur, or marine littoral 
deposits, such as those in which, on the borders of the Bay of Buim, 

* If geologists still think it convenient the somewhat vague manner in which it 
to retain the term Pleistocene, I would was applied by Edward Forhes, hut in 
recommend them to use it not in the place of Post-pliocenc ns this term is de- 
sense originally proposed by me, nor in lined in the present work. 



Ch. X.] 


BANISH SHELL MOUNDS. 


109 


near Naples, the well-known temple of Serapis was embedded. In 
that case the date of the monuments buried in the marine strata is 
ascertainable, but in many other instances, the exact age of the re- 
mains of human workmanship is uncertain, as in the estuary of 
the Clyde at Glasgow, where many canoes have been exhumed, with 
other works of art, all assignable to some part of the recent period. 

On the coast of Cornwall, at Pentuan, near St. Austell, and at 
Carnon in the same county, at the depth of 53 feet, human skulls 
have been met with beneath marine strata, in which the bones of 
whales, and of several land quadrupeds, all of living species, were 
• embedded. 

Danish peat and shell mounds, or kitchen-middens . — Sometimes 
we obtain evidence, witiiout the aid of a change of level, of events 
which took place in pre-historic times. The combined labours, for 
example, of the antiquary, zoologist, and botanist have brought to 
light many monuments of the early inhabitants buried in peat- 
mosses in Denmark. Their geological age is determined by the fact 
that, not only the contemporaneous freshwater and land shells, but 
all the quadruptids, found in the peat, agree specifically with those 
now inhabiting the same districts, or which are known to have been 
indig(inous in Denmark within the memory of man. In the lower beds 
of peat (a deposit varying from 20 to 30 feet in thickness), weapons 
of stone accompany trunks of the Scotch fir, Pijms sf/lvestris, while 
in the higher portions of the same bogs," bronze implements are 
associated with trunks and acorns of the common oak. It appears 
that the pine has never been a native of Denmark in historical 
times, and it seems to have given place to the oak about the time 
when articles and instruments of bronze superseded those of stone. | 
It also apj)ears that, at a still later period, the oak itself became 
scarce, and was nearly supplanted by the beech, a tree which now 
flourishes luxuriantly in Denmark. Again, at the still later epoch 
when the beech tree abounded, tools of iron were introduced, and 
were gradually substituted for those of bronze. 

On the coasts of the Danish islands in the Baltic, certain mounds, 
called in those countries “Kjokken-modding,’* or “kitrficii-middens,” 
occur, consisting chiefly of the castaway shells of the oyster, cockle, 
periwinkle, and other eatable kinds of mollusks. These mounds are 
from 3 to 10 feet high, and from 100 to KXX) feet in their longest 
diameter. They greatly resemble heaps of shells formed by the lied 
Indians of North America along the eastern shores of the United 
8tat<js. In the old refuse-heaps, recently studied by the Danish 
antiquaries and naturalists with great skill and diligence, no imple- 
ments of metal have ever been detected. All the knives, hatchets, 
and other tools, are of stone, horn, bone, or wood. With them are 
often intermixed fragments of rude pottery, charcoal and cinders, 
and the bones of quadrupeds on which the rude people fed. These 
bones belong to wild species still living in Europe, though some of 
them, like the beaver, have long been extirpated in Denmark. The 
only animal which they seem to have domesticated was the dog. 
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As thcro is an entire absence of metallic tools, these refuse-heaps 
ai e referred to wh/it is culled the ago of stone, wliich jininediately 
jn-ccedod in Deniinirk the age of bronze — a race more advanced in. 
civilisation, armed with wcaimns of that mixed metal, having appa- 
rently invaded vSeandinavia, and ousted the aborigines.* 

TMCustrinc hahittttiom of Switzerland , — In Switzerland a different 
class of moniinionts, illustrating the successive ages of stone, bronze, 
and iron, has been of late years investigated with great success, and 
especially since 1854, in which year Dr. F. Keller explored near the 
shore at Meilen, in the bottom of the lake of Zurich, tin? ruins of 
an old village*, originally built on numerous wooden piles, driven, at* 
some unknown |)eriod, into the muddy bed of the lake. Since then 
a great many other localities, more than a hundred and fifty in all, 
have been detected of similar pile-dwellings, situated near the bor- 
ders of the Swiss lakes, at ])oints wlu‘rc the de])tli of water does not 
exceed 15 feet.t The superficial mud in t-uch cases is filled with 
various articles, many hundreds of them being often dredged up 
from a very limited area. Thousands of piles, d(;cayed at their 
upper extremities, are often met Avith still firmly fixed in the mud. 

Herodotus relates that in the time of Darius (about 520 n.c.) 
there existed a similar settlement in the middle of Lake Pra'^ias 
(])robably now Lake 'fakinos), in Pcconia, or in the modern Turkish 
province of Koumelia. “The houses,*’ he says, “Avere built on a plat- 
ftirm of Avood supported by Avooden stakes, and a narrow bridge, 
Avhich could be Avithdrawn at pleasure, communicated Avith the 
shore.*’]: “ When man,” says Morlot,§ “ thus stationed his dAvellings 
on piles, all the refuse of his industry and of his food were naturally 
IhroAvii into tin* lake, and Avere often avcU preserved in the mud at 
the bottom. If occasionally such establishments were burnt, whether 
intentionally by the enemy, or by accident, a vast quantity and 
variety of articles, including some of great value, Avould sink to the 
bottom of the Avaters. Such aquatic sites Avere probably scdccted as 
places of safety, since, Avhen the bridge avus removed, they could 
only be approached by boats, and the water would servo for protec- 
tion alike against Avild animals and human foes.’* 

As the ages of stone, bronze, and iron merely indic.ate successive 
stages of civilisation, they may all have coexisted at once in different 
parts of the globe, and eAX*n in contiguous regions, among nations 
having little intercourse witli eaci. other. To make out, therefore, 
a distinct chronological scries of monuments is only possible when 
our observations are confined to a limited district, such as Switz- 
erland ; and th(j distinctiujss of date bticomes more striking when a 
settlement like that of Moossee dor f, near Herne, belonging exclusively 

* Sc« the works of Nilsson, Thom- 1860; and Antiquity of Man, by the 
sen, Wiirsiiau, 8tcciistrup, and others. Author, ch. ii. 

f See ilic works of MM. Troyon J Herod., v. 16. 

and Keller, and M. Morlot’s sketch of § General Views of Archieology, hy 

these researches. Hiilletin dclii Socicte Mur’.ot, Memoirs of Smithsotiiau lu- 
Vaudoibc dcs bci. Nat., t. vi., Lausatme, stitution, 1861. 
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to the age of stone, is surrounded by a great many otlicrs \i\ re- 
ferable to the period of bronze. The number of objects found at 
Moosseedorf exceeds two thousand, among whicli no metallic ones 
were observed. At Wangeii, on the Lake of Constance, more than 
1300 articles of stone, bone, and pottery were collected, witliout 
the intermixture of a single utensil, instrument, or ornament of 
bronze. In other lakes, as in those of Bienne and Geneva, tliere 
are settlements wln^ro the number of bronze articles is equally 
numerous, witli a very slight admixture of weapons of vStone. 

The relatives antiquity of the pile-dwellings, which belong respec- 
tively to the ages of stone and bronze, is also clearly illustrated by 
the association of tlie tools with certain groups of animal remains. 
Where the tools are of .stone, the castaway boin.'S whicli serv(*d for 
the food of the ancient people arc thos(‘ of deer, the Avild boar, 
and wild ox, whicli aboundtjd when society was in the hunter state. 
IjuI the bones of tlui later or bronze epoch were chiefly those of 
the domestic ox, goat, and pig, indicating progress in civilisation. 
Some villages of the .stone age are of laler date tlian others, and 
exhibit signs of an improved state of the arts. Among their relics 
are discovered carbonised grains of wheat and barliy, and pieces of 
hr(*ad, jiroving that the cultivation of cereals had b(*gun. In the 
same settlements, also, cloth, made of woven flax and straw, has been 
detected. 

To the Swiss pil<‘-huilding.s of tin* bronze age bdong manufac- 
tured objects which di'<])lay a very d(*cided superiority in b(‘auty of 
form, and ornaiueiitatioii, when contrasted with those of the ant(*- 
cedent age of stone. In one village at Nidau, on the lake* of Bienne, 
a great number of axes, lances, sickles, fish-hooks, and bracelets, 
altogether nearly two thousand articles, liave b(‘en obtained, and 
witli them some few implements of stone. Tln\«c last, dredged up 
from the same site, may perhaps have* been used simultaneously ; or 
possibly the .same village, founded in the age of stone, may have 
coiitifined to flourish in the .succeeding period of bronze.* The 
pottery of the bronze age in Switzerland is of a tiner texture, and 
more elegant in form, tlian that of the age of stone. At Nidau, 
articles of iron have also been discovered, so that this settlement 
was evidently not abandoned till that metal had come into use. 

At La Thenc, in the northern angle of tJie lake of Nenlcliatel, a 
great nniny articles of iron have been obtaine<l, AvJiicli in form and 
ornamentation are entirely different both from those of the bronze 
period and from those used by the Romans. Gauli>h and Celtic 
coins liave also been found there by ALSI. Schwab and Dosor. They 
agree in character with remains, including many iron swords, which 
have been found at Tiefenau, near Bi‘rne, in ground supposed to 
have been a batlle-lield ; and tlieir dale aiipears to have been anterior 
to the great Roman invasion of Northern Kuropc, though perhaps 
not long before that event. f 

* Mr. J. LiiI>l)Ock’s Lcrtiuv, Roya! Institution, Fob. ‘iTtii, I8G3. 

f Lubbock, ibid. 
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The period of bronze must have been one of foreign commerce, 
as tin, which enters into this metallic mixture in the proportion of 
about ten per cent, to the copper, was obtained by the ancients 
chiefly from Cornwall. From that country it is supposed to have 
been supplied at one time by the Phosnicians to the Greeks, as well 
as to all the inhabitants of the eastern shores of the Mediterranean. 
Even the tin said to have come from Iberia, or Spain, is imagined 
by many antiquaries to have been first shipped from the Cassiterides, 
or Cornwall, to Cadiz.* At a later period we learn from Diodorus 
that ingots of tin were shipped from Iktis, or St. Michael’s Mount, 
in Cornwall, and conveyed over the channel to the opposite coast, an\l 
thence on the backs of horses across Gaul, in about thirty days, to 
Massilia or Marseilles, from whence the Romans obtained it.f 

The Greeks arc described by Homer in the Iliad as armed with 
usually translated brass, which is now ascertained, by a pre- 
cise analysis of ancient Greek armour and <*oins, to have consisted 
not of copper and zinc, but of copper and tin, or what wo now call 
bronze. Conteinporaneously Avith bronze, iron was also in use among 
the ancients, even from A’ory remote times ; but so long as the art of 
making steel by blending iron in certain chemical proportions Avith 
carbon aa’hs unknown, or still in its infancy, bronze seems to have 
competed successfully Avith iron in tlui construction of all cutting 
implements. The best dellnilion, perJiaps, of the ago of iron yet pro- 
])osed, is that Avhich describes it as the period when this metal had, 
for the most ])art, superseded bronze in all instruments rc*quiring a 
sharp cutting edge. It is remarkable that in Herculaneum an.d 
Pompeii, wJiich were buried und(*r the ashes of Vesuvius in the year 
79, nearly a thousand years after Homer’s time, the prevailing metal 
of Avhich the agricultural, culinary, and even the surgical instruments 
are mjide was bronze ; although artich?s of iron are bj*^ no means 
wanting among the relics found in those ancient cities. In Tran- 
sylvania and Hungary, according to Keller, an ago of copper in- 
struments intervened betAveen that of stone and bronze. 

In estimating the degree in which iron and bronze prevailed in 
prehistoric ages, a\"c are in some danger of being misled by the great 
durability of the one metal, and the facility Aviih which the other, or 
the iron, is decomposed. But if iron be corroded in large quantities 
by oxidation, it would usually betray itself to the geologist by acting 
as a cemcmt, and binding togetln*r the particles of sand, gravel, mud, 
and shells in which it lay. A cylindrical coating of such materials 
has sometimes been found encircling cannon and gun-barrels, the 
further corrosion of which seems to have been arrested by such an 
cnvclope.J 

Human remains of the recent period , — Very few human bones 
of the bronze period have been met with in the Danish peat, or in 

* Sir G. Cornwall liCwis, Astronomy up in Falmouth Harbour. Royal In- 
of tlic Ancients, ch. viii. stitution of Cornwall, 1863. 

t Diodorus, v. 21, 22., and Sir II. J Sco Lyell*s Principles of Geology, 
James, Note on Block of Tin dredged 9th cd. p. 760. 
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the Swi^s lake-dwellings, and this scarcity is generally attributed 
by archaeologists to the custom of burning the dead, which prevailed 
in the age of bronze. In the antecedent era of stone, the primitive 
population of the North are said to have buried their dead in sepul- 
chral vaults, carefully constructed of large undressed blocks of stone. 
From such burial-places many skulls have been obtained by Scandi- 
navian ethnologists, which show that the ancient race had small 
heads, remarkably rounded in every direction, but with a facial angle 
tolerably large, and a well-developed forehead. (See figure 104.) 
Similar skulls have, according to Retzius, be*‘ii discovered in France, 
Jreland, and Scotland, and they are so like those of the modern Lap- 
landers, as to have suggested the idea that the latter were the last .sur- 
vivors of the stone period in the north of Europe. The Laplanders 
have usually been considered as an extreme branch of the Mongolian 
race. 

The cranial type of the bronze age is not yet well known, but 
with the introduction of iron, the custom of burying the dead was 
resumed, and with it a new form of skull appears, resembling that 

Fig. 104. Fig. 105® 




iiow-a-days most common in Europe. As seen in fig. 105., it is 
elongated fore and aft, has a forehead somewhat retreating, and 
corres^ionds with what is often called the Celtic type.* 

rOST-PLIOOENE PERIOD. 

From the foregoing observations we may infer that the ages of 
iron and bronze in Northern and Central Europe were preceded by 
a stone age, referabltj to the recent division of tlie post-tertiary 
epocdi, as determined by the organic remains which accompany the 
stone implements. Rut memorials have of late been brought to light 
of a still older age of stone, when man was contemporary in Europe 
with the elephant and rhinoceros, and various other animals, of 
wliicli many of the most conspicuous have long siuco died out. The 

* Morlot, ibid. 

I 
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alluvial and marine deposits of this remoter age, the earliest to which 
any vestiges of man have yet been traced back, belong to a time 
when the physical geography of Europe differed in a more marked 
degree from that now prevailing than during the later part of the 
post-tertiary period, when the valleys and rivers coincided almost 
entirely with those by which the present drainage of the land is 
carried on, and when the peat-mosses were the same as those now 
growing. So, also, the situation of the shell-mounds and lake- 
dwellings above alluded to is such as to imply that the topography 
of cacli district where they are observed has not subsequently under- 
gone any material alteration. In some exceptional cases, it is true,,, 
a marked change has been brought about by the rising or sinking of 
the earth's crust in the neighbourhood of the sea, so that raised 
beaches occur at moderate heights rarely exceeding twenty-fivo feet 
above liigh-water mark ; or in other places submergcid forests are 
s(‘en at low water, skirting the coiists ; and we may take for granted 
that similar or even greater movements have bc‘en experienced far 
inland witliin the same era, although we cannot recognise them, or 
appreciate their magnitude, for want of a standard of measurement 
such as that #hieh the ooutiguity of the ocean affords. These 
movements, whether upward or downward, have affected somewhat 


Fig. lOG. 



Recent and Po6t-plioccne .illuvinl deposits. 


]. Peat of the rwent period. 

2. Gravel of modern river. 

2'. Loam or brick-earth (loess) of same 
age as 2, formed by inundaiioiis of 
the river. 

3. Lowrr-li'vcl valley-gravel with extinct 

mammalia (post-pliuceiic). 

3'. Lnuiii of same age. 


4. Higher level valley-gravel (post-plio- 
cene). 

4'. Loam of same age. 

6. Upland gravel of various kinds and 
periods, conblstiiiR in some places of 
un«>tratitied boulder clay or glacial 
drift. 

6. Older rocks. 


uniformly very wide areas, so as not greatly to derange the local 
features of such an extent of country as the eye can embrace at one 
view. Ilut we no sooner examine the ])ost-pliocene formations in 
which the remains of so many extinct mammalia are found, than we 
at once perceive a more dcjcided discrejiaiiey between the former and 
present outline of the surface. Since those deposits originated, 
changes of considerable magnitude have been effected in the depth 
and width of many valleys, as also in the direction of the superficial 
and subterranean drainage, and, as is manifest near the sea-coast, in 
the relative position of land and water. In the annexed diagram, 
(fig. 106.) an ideal section is given, illustrating the different position 
which the recent and post-pliocene alluvial deposits occupy in many 
European valleys. 
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The peat No. 1 has been found in a low part of the modern allu- 
vial plain, in parts of which gravel No. 2 of the recent period is 
seen. Over this gravel the loam or line sediment 2' has in many 
places been deposited by the river during floods which covered 
nearly the whole alluvial plain. , 

No. 3 represents an older alluvium, composed of sand and gravel, 
formed before the valley had been excavated to its present depth. 
It contains the remains of fluviatile shells of living species associated 
with the bones of mammalia, in part of recent and in part of ex- 
tinct species. Among the latter, the mammoth (£L primigenius) 
and Siberian rhinoceros (7?. tichorhinus) are the most common in 
Europe. No. 3' is a remnant of the loam or brick earth by which 
No. 3 was overspread. No. 4 is a still older and more elevated 
terrace, similar in its composition and organic remains to No. 3. and 
covered in like manner with its inundation mud, 4'. Often there is 
only one of these valley gravels of older date, and occasionally there 
are more than two, marking as many successive stages in the exca- 
vation of the valley- They usually occur at heights varying from 
10 to 100 feet, sometimes on the right and sometimes on the left side 
of the existing river-plain, but rarely in great strength on exactly 
opposite sides of the valley. 

Among the genera of extinct quadrupeds most frequently met 
with in England, France, Germany, and other parts of Euro])e, are 
Elephns^ lihinoceros^ Hippopotamus^ Equusy MegaoeroSy Ursus, 
FeliSy and Hgmna. In the peat No. 1 (fig. lOfi.) and in the more 
modern gravel and silt (No. 2), works of art of the ages of iron and 
bronze, and of what we may call the “ later stone period,” already 
described, are met with. In the more ancient gravels, 3 and 4 (fig. 
106.), there have been found of late years in several valleys in Franco 
and England, as, for example, in those of the Seine and Somme, and 
of the Thames, and Ouse, near Bedford, stone implements of a rude 
typo, showing that man coexisted in those districts with the elephant 
and other extinct quadrupeds of the genera above enumerated. 

Several geologists had come to the conclusion, about the close of 
the last and beginning of the present cemtury, that certain human 
remains embedded in the mud and breccia of caves were as old as 
the extinct mammalia with which they were associated. But the 
evidence of such high antiquity w'as not generally received as satis- 
factory, seeing that so many caves had been inliabited by a succession 
of tenants, and selected by man as places both of domicile and of 
sepulture, while suites of caverns have also served as the channels 
through which underground rivers have flowed ; so that the remains 
of living beings which peopled the district at more than one era 
may, at a later date, have been mingled and confounded together in 
one and the same deposit. But in 1847, M. Boucher do Perthes 
observed in an ancient alluvium at Abbeville, in Picardy, the bones 
of extinct mammalia associated in such a manner with flint iimple- 
inents of a rude type as to lead him to infer that both the organic re- 
mains and the works of art were referable to one and the same period. 
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This inference, tliougli questioned for a time, was soon confirmed by 
fresh observations made by Dr. lligollot, at Amiens, and all doubts 
were finally cleared up in 18o9, by Mr. Prestwich, who found a flint 
tool in situ in the same stratum at Amiens that contained the remains 
of (yctinct mammalia. Geologists were, moreover, better prepared to 
accept such proofs of the coexistence of man with the ancient fauna 
in consequence of the more exact data obtained from the exploration 
of the Brixham cave in 1860, to be mentioned in the sequel. 

The flint implements found at Abbeville and Amiens ai*e most of 
tbein considered to be hatchets and spear-heads, and are different 
from those commonly called “ Celts.” These celts, so often found in 
the recent formations, have a more regular oblong shape, tin? result 
of grinding, by which also a sharp edge has boon given to them. The 
Abbeville tools found in gravel at different levels, as in Nos. 3 and 
4, fig. 106., in which bones of the elephant, rhinoceros, and other 
extinct mammalia occur, are always uni»reund, having evidently 
1)0011 brought into their present form simply by llu5 chipping off of 
fragments of flint by repeated blows, such as could be given by a 
stone hammer. 

Some of them are oval, others of a spoar-hoaded form, no two 
exactly alike, and yet the greater number of each kind arc obviously 
fashioned after the same general pattern. Their outer surface is 
often white, the original black flint having been discoloured and 
bleached by exposure to the air,. or by the action of acids, as th(*y 
lay ill the gravel. They are most commonly stained of the same 
ochreous colour as the flints of the gravel in which they are em- 
bedded. Occasionally their antiquity is indicated not only by their 
colour but by superficial incrustations of carbonate of lime, or by 
d«mdrit(\s formed of oxide of iron and manganese. The edges also 
of most of them are worn, either by having been used as tools, or by 
liaving Ixjcii rolled in the river’s bed. They are usually found at 
depths of from 1.3 to leet from the .surfiice, in gravel, covered by 
loam, and most of them near the bottom of the gravel, .and not far 
from its contact with the subjacent chalk. They are met with not 
only in the lower-level gravels, as in No. 3, fig. 106., but also in No. 
4, or the higher gravels, .as at 8t. Acheiil, in the suburbs of Amiens, 
where the ohl alluvium lies at an elevation of about 100 feet above 
the level of the river Somme. At both levels fluviatile and land- 
shells are met with in the loam a. well as in the gravel, but there 
are no marine shells associated, except at Abbeville, in the lowest 
part of the gravel, near the sea, and a few feet only above the 
present high-water mark. Here with fossil shells of living species 
are mingled the bones of Elephcis primitjenius and E, antitjitns, 
Rhinoceros tichorhinus. Hippopotamus, Felis spehca, JTjjairui spelcm, 
reindeer, and many others, the bones accompanying the flint inijile- 
niertts in such a manner as to show that both were buried in the old 
alluvium at the same period. 

Nearly the entire skeleton of a rhinoceros was found at one point, 
namely, in the Mcnchecourt drift at Abbeville, the bones being in 
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such juxtaposition as to show that the cartilage must have held them 
together at the time of their inhumation. 

The general absence here and elsewhere of human bones from 
gravel and sand in whicli flint tools are discovered, may in some 
degree be due to the present limited extent of our researches. But 
it may also be presumed that when a hunter population, always 
scanty in numbers, ranged over this region, they were too wary to 
allow themselves to be overtaken by the floods whicIi swept away 
many herbivorous animals from the low river-plains where they may 
have been pasturing or sleeping. Beasts of prey prowling about the 
* same alluvial flats in search of food may al^o have l>een sui’prised 
more readily than the human tenant of the same region, to whom 
the signs of a coining tempest were better known. 

In the very few instances in which we have good evidence in 
Europe of the occurrence of human remains in post-pliocene 
deposits, exclusive of those in eaves, the fossil relics have been found 
at or near the line of junction of llie superficial loam (3', 4', fig. 106.) 
with the underlying graved. Thus M. Arni Boue, an experienced 
observer, disinterred with liis own hands, in the valley of tlie Rhine 
in 18o3, parts of a human skeleton from the lower portion of a 
deposit of loam or loess 80 feet thick. This discovery was made at 
Jjithr, a small town in tlic Grand Duchy of Baden, nearly opposite 
»Strasburg, on the right side of the valley of the Rhine. They were 
shown at the time to Cuvic.T, and recognised by him fis human.* 
One of them, a f(*iiiur, first attracted notice as it projected from a 
})erpendiciilar cliff of loess, forming the lowest of a succession of 
toiTjiccs, which had been excavated in the loam by the denuding 
})ower of the Schutter, a small tributary which at Lahr joins the 
great alluvial plain of the Rhine. The loam in wliicli the bones 
were embedded is similar in mineral character to that of the great 
adjoining jilaiii, and so continuous as to imply that the Rhine once 
flowed up into the valley of its tributary, and filled it to a con- 
siderable height with its muddy sediment, at the time when the 
skeleton was enveloped in it. 

Inundution-nmd of rivers, — Brick^eartk, — Fluviatile loam^or loess. 
— As a general rule, tlie fluviatile alluvia of different ages (Nos. 2, 

3, 4, fig. l(X).) aro severally made up of coarse materials in their 
lower portions, and of fine silt or loam in their upj)er parts. For 
rivers are constantly shifting their position in tlie valley-plain, 
encroaching gradually on one bank, near which there is deep water, 
and deserting the other or opposite side, where the channel is 
grooving slnallower, bcung destined eventually to be converted into 
land. Where the current runs strongest, coarse gravel is swept 
along, and where its velocity is slackened, fust sand, and then only 
the finest mud, is thrown down. A thin film of this fine sediment 
is spread, during floods, over a wide area, on one, or sometimes on 
both sides, of the main stream, often reaching as far as the base of 


* Lycll, Antiquity of Man. Appendix 2nd and 3rd cd. 
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tho bluffs or higher grounds which bound the valley. Of such a de- 
scription are tho well-known annual deposits of the Nile, to which 
Egypt owes its fertility. So thin are they, that tho aggregate amount 
accumulated in a century is said rarely to exceed five inches, 
although in the course of thousands of years it has attained a vast 
thickness, the bottom not having been reached by borings extending 
to a depth of 60 feet towards the central parts of tho valley. 
Everywhere it consists of the same homogeneous mud, destitute of 
stratification — the only signs of successive accumulation being 
where the Nile has silted up its channel, or where the blown sands 
of the Libyan desert have invaded the plain, and given rise to 
alternate layers of sand and mud. 

Tho general absence of lamination in the loam of tho Egyptian 
river-plain is probably owing to the thinness of the layer thrown 
down in a single year, and to its being exposed for eight months 
to drying winds, or the rays of a hot sun. Parts of it are often 
swept in the form of dust from one region to another, and almost 
everywhere the soil is pierced by worms, insects, and the roots of 
plants. Many geologists have been disposed to refer the absence 
of stratification in such formations to the sudden and tumultuous 
action of floods, by which dense masses of mud were thrown down 
rajiidly and uninterruptedly ; but I believe tliat the absence of 
divisional plaues or marks of successive deposition has arisen, not 
from the want of intermittent action, but because the amount of 
annual deposit lias been so slight, and b(H:ause it has taken place 
on ground not permanently submerged. There may be found in 
deposits of this class examples of every gradation, from a stratified 
to an unstratified condition. 

In European river-loams we occasionally observe isolated pebbles 
and angular pieces of stone which have been floated by ice to the 
places where they now occur ; but no such coarse materials arc met 
with in the plains of Egypt. Above and below llie first cataract, an- 
cient river terraces composed of fluviatile deposits have been observed 
by Dr. Adams and others at various elevations above the present 
alluvial plain of the Nile. In these old river-formations — some of 
which are fiO, others 100, and others several hundred feet above the 
river — fossil shells, identical with species now living in the Nil(^, have 
been found. The probable causes of such alterations in the level of 
the river, and the successive filling up and re-excavation of the same 
hydrographi(jal basin at diflerent periods, will be prescuitly spoken 
of. They are changes of a kind that cannot fail to result from great 
continental movements of subsidence and upheaval, such as wo may 
safely assume that Egypt has undergone in the post-tertiary epoch, 
l)ecausc the eastern shore of the Red Sea on one side, and the great 
desert of the Sahara on the other, have been converted from sea 
into land since the commencement of the Post-pliocene period. 

In some parts of the valley of the Rhine the accumulation of 
similar loam, called in Germany loess,” has taken place on an 
enormous scale. Its colour is yellowish-grey, and very homoge- 
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ncous ; and Professor BischofF has ascertained, by analysis, that it 
agrees in composition with the mud of the Nile. Although for tlie 
most part unstratified, it betrays in some places marks of stratifica- 
tion, especially where it contains calcareous concretions, or in its 
lower part where it rests on subjacent gravel and sand which 
alternate with each other near the junction. About a sixth part of 
the whole mass is composed of carbonate of lime, and there is usually 
an intermixture of fine quartzose and micnccous sand. 

Although this loam of tlio Rhine is unsolidihed, it usually termi- 
nates where it has been undermined by running water in a vertical 
'cliff, from the face of which shells of terrestrial, freshwater and 
amphibious mollusks project in relief. These shells do not im[)ly 
the permanent sojourn of a body of fresh water on the spot, for the 
most aquatic of thorn, the Succinea^ inhabits marshes and wet grassy 
meadows. The Succinea elongata, (or S, oblonga^) fig. 107., is very 
characteristic both of the loess of the Rhine and of some other 
European river-loams. 

Among the land-slndls of the Rhenish loess, Helix plebeia and Pupa 
muscorum are very common. 

Fig. 107. Fig. 108. Fig. 101). 

4-M 6 % 

Sucemca elungata. Pupa vmscorum. Helix plebeia. 

Both the terrestrial and aquatic shells are of most fragile and 
delicate structure, and yet they are almost invariably })crfect and 
uninjured. They must have been broken to jiieccs had they been 
swept along by a violent inundation. Even the colour of some of 
the land-shells, as that of Helix iiemoralis^ is occasionally preserved. 

I observed the three fo.ssils above figured in the upper fluviatile 
loam of the Saale, near Rudolstadt, in Thuringia, a river which falls 
into the Ilin, and belongs to the basin of the Elbe. 1 have also 
seen loam like that of the Rhine at the Porta Westphalica, near 
Minden, at the height of oOO feet above the river-plain of the Weser, 
in which the same three shells were conspicuous. 

If in some places mollusks of purely aquatic species of such 
genera as Lymnca, Planorbis, and Paludina, occur near the base of 
the loess, they probably indicate ancient ponds and lakes marking 
the course of old deserted river channels, which were afterwards 
silted up. 

Ill parts of the valley of the Rhine, between Bingen and Basle, 
the fluviatile loam or loess now under consideration is several hundred 
feet thick, and contains here and there throughout that thickness land 
and amphibious shells. As it is seen in masses fringing both sides of 
the great plain, and as occasionally remnants of it occur in the centre 
of the valley, forming hills several hundred feet in height, it seems 
necessary to suppose, first, a time when it slowly accumulated ; and 
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sc'condlj, a later period, when lar^e portions ©f it were removed, 
or when the ori^iiuil valley, which had been partially filled up with 
it, was re-excavated. 

Such changes may ha^ been brought about by a great movement 
of oscillation, coii'^isting first of a general depression of the land, 
and then of a gradual re-elevation of the same. The amount of 
continental di‘pre>sion which first took place in the interior, must 
1)0 imagined to have exceeded that of the region near the sea, in 
wJiicli case the liigher part of the great valley would have its alluvial 
plain gradually raised by an acciiin illation of sediment, which would 
only cea>e when the subsidence of the land was at an end. If the 
direction of the mov(*ment was then reversed, and, during the le- 
I'levation of the continent, the inland region nearest the mountains, 
should rise more rapidly than that near the coast, the river would 
acquire a denuding ])ower sudieient to enable it lo sweep away 
gradually nearly all the loam and gra\Ll with which j)arts of its 
basin had been lilled up. Terraces and hillocks of mud and sand 
would then alone remain to attest tlie various Icvids at which llu* 
liver had thrown down and afterwards removed alluvial matter. 

PoHt-pliocvne lake-terraces m Switzerland . — In Switzerland ter- 
races of drift are found at ditrcr(?nt levids above the jn-esent ri\ers 
and lakes, which corresjmnd to the older gravels (Xos. 3 and 
I, tig. lOb.) and tliey contain tin; nmtains of the mammoth, reimlccr, 
and other inammalia, many of them extinct or no longer inhabitants 
of JOurojK*; together with shells, all of tlnmi of species still living, 
.^^kirting the Lake of Geneva are the deltas of nuiiK'rous torrents 
whicli bring down mud, sand, and pebble.^ to the lake, so as to make 
annual additioms to tJie littoral accumulations. “If,” says M. Alorloi, 
“ we follow uj) the course of any of these stn*ams to the height of 
130 feel above the lake, we encounter another and more ancient 
delta, about ten times as large, evidently tlie monument of a more 
i rotraetcd jieriod, when the water stood for ages at that higher level, 
and when tin* physical geography of the country dilfered con&iiler- 
ably from that now established. 

One of the deltas of transported matter, or, ns M. Morlot styles 
them, flattened cones, is seen at the mouth of the Tiiiiere, a torrent 
v/liich enters the lake on its south side, near Vilh'iieiivi*. Itsinteniid 
."tructiirc has been laid open by a railway cutting, wliich lias exposed 
lo view tlireii layers of v(‘getab'j soil, each of which has once 
formed the surface of the delta. For that pait of the cone which is 
above the level of the lake is for tin* most part covered with vcgc- 
rilioii, as are generally thii higher and unsubmerged parts of all 
river deltas. The uppermost of these old l>uried soils, about flve 
foot deep I’ro in the present surface, contained Roman tiles and a coin ; 
in the soil next below, six inches thick and ten feet from the surface, 
were found pottery and instruments of the bronze epoch ; and in 
t!ie third soil, which was half a foot thick and nineteen feet deej), 
jiottery, pieces of charcoal, bones, and a liumaii skeleton having a 
small, round, and very thick skull, of thebracliycephalous type, (tig. 
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104., p. 1 1 3.). M. Morlot estimates tlie Roman relics as about seven- 
teen centuries old, those of the bronze age between 3000 and 4000 
years, and those of the stone period from 5000 to 7000 years. To 
the entire delta he ascribes an antiquity of about 10,000 years, 
while he conjectures that the higher cone or delta, which is ten 
times as large, may have taken about 100,000 years for its formation. 
It contains, as above*, stated, tlie remains of the mammoth, and is 
probably contemporaneous^ in the geological sense of the term, with 
the gravels of Amiens and Abbeville, from which so many dint 
implements of an antique type have been extracted. The above 
’calculation does not pretend to be more than a rude approximation 
to the truth. Ancient as are the upper terraces when compared to 
historical times, they are certainly post-glacial, or more modern tlian 
the glacial period, which will be treated of in the next chapter. In 
other words, the Alpine glaciers had already shrunk nearly into 
their present contracted limits before even the higher deltas, con- 
taining the mammoth bones, were formed. 

Upraised marine strata with pottery in Sardinia . — The most 
elevated marine strata of the I’ost-pliocenc j)eriod in Europe, in 
which articles of human workmanship have yet been noticed, anj 
those observed on tlu^ south coast of Sardinia, near Cagliari, so 
well described by Count Albert de la Marmora. They consist of a 
brccciii, containing fragments of limestone 'and numerous shells of 
living Mediterranean species, such as the eatable oyslei* and mussel, 
with both valves united. Among these shells, pieces of pottery of a 
very rude kind are dispersed. They are traceable to a height ot 
300 feet above the sea. In the vegetable soil covering such marine 
slratJi, fragments of a moi*e modern or Roman pottery have been 
found. Th(*re are also in the rocks of the same district numerous 
tissnres filled with breccia, containing the remains of terrestrial 
(piadrupeds, some of them of extinct species. These breccias, 
although very ancient, as sliown by the mammalian bones, arii mor(' 
modern than the marine post-pliocene strata with pottery above- 
mentioned, for some of the shells, the Mytilus ediihs for example, 
washed out of the older formation, have been mingled in the fissures 
with bones of the extinct quadrupeds.* 

'riiere are examples in Europe of marine strata characterized in 
like manner by embedded shells of living species which reach eleva- 
tions far exceeding those of Cagliari, but in which no human bones 
or works of art have yet been discovered. 


CAVEUN DEPOSITS CONTAINING HUMAN REMAINS AND BONES OF 
EXTINCT ANIMALS. 

In England, and in almost all countries where limestone rocks 
abound, caverns are found, usually consisting of cavities of large 
dimensions, connected together by low, narrow, and sometimes 


* Lyoll’s Antiquity of Man, p. 177. 
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tortuous galleries or tunnels. Th( 3 se subterranean vaults are usually 
filled in part with mud, pebbles, and breccia, in which bones occur 
belonging to the same assemblage of animals as those characterizing 
the post-pliocene alluvia above described. Some of these bones are 
referable to extinct and others to living species, and they are occa- 
sionally intermingled, as in the valley gravels, with implements of 
one or other of the great divisions of the stone age, and these are 
not u 11 frequently accompanied by human bones, which are much 
more common in cavern deposits than in valley alluvium. 

Each suite of caverns, and the passages by which they communi- 
cate the one with the other, afford memorials to the geologist of at 
least three successive phases through which the physical geography 
of tlie country wIkto they occur must have passed. First, there was 
a period when limestone rocks were dissolved on a great scale, and 
when the carbonate of lime was carried out gradually by springs 
from the interior of the earth ; secondly, an era when engulfed 
rivers or occasional floods swept organic and inorganic debris into 
the subterranean hollows previously formed ; and thirdly, there were 
such changes in the configuration of the region as caused the en- 
gulfed rivers to be turned into new channels, and springs to be 
dried up, after which the cave-mud, breccia, gravel, and fossil 
bones would bear the same kind of relation to the existing drainage 
of the country as the older valley drifts with their extinct mam- 
malian remains and w'orks of art bear to the present rivers and 
alluvial plains. * 

In the first of the periods above supposed the operations are en- 
tirely subterranean. \Vc know that in evei'y limestone district the 
rain water is soft or free from earthy ingredients w'hen it falls upon 
the soil, and when it enters the rocks bi*low, whereas it is hardy 
or charged with carbonate of lime, when it issues again to the sur- 
face in springs, which, by failing after long droughts, and by in- 
creasing in volume after rainy seasons, betray tlieir dependenct; for 
a supply of water on atmospheric sources. The rain derives some 
of its carbonic acid from the air, but much more from the decay of 
vegetable matter in the soil which it percolates, and by the excess 
of this acid, limestone is dissolved, and the water becomes charged 
with carbonate of lime. The mass of solid matter sihmtly and un- 
ceasingly subtracted in this way from the rocks in eveny century is 
considerable, and must in the course of thousands of years be so vast 
that the space it once occupied may w’^ell be expressed by a long suite 
of caverns. The varying size and shape of these will be determined 
by innumerable local accidents, such as the direction of pre-existing 
rents Jind faults, or the unequal purity and consequent solubility of 
the limestone in different strata, or in different parts of the same 
stratum. 

If there be a series of convulsions and movements of upheaval and 
depression, during which old valleys are gradually deepened and 
widened, or new ones formed, accompanied by the rending of rocks 
in many places, the surface drainage may in time be so altered that 
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streams sweeping along angular and rounded stones may break into 
cavities once having no such connexion with the surface. Such 
streams may introduce fine mud, or angular and rounded pebbles 
and land-shells, with portions of skeletons of various quadrupeds, or 
of man, together with fragments of works of art, and fill up a large 
part of the underground rents, galleries, and chambers with hetero- 
geneous materials. The whole of these may sometimes be united 
into solid breccias and conglomerates by stalactitic infiltrations. 

In the descriptions given of violent earthquakes we read of the 
sudden appearance of new fissures several feet wide, often of groat 
depth, and some of which remain permanently open. Wild animals 
chased by beasts of prey fall into si^h natural pit-falls ; the pursued 
and the pursuer perishing together." Their bones, during the slow 
decay of the carcase, may be carried separately into subterranean 
vaults, or many of them still bound together by ligaments ; even 
entire skeletons may sometimes be washed into caves and be there 
preserved. 

The quarrying away of large masses of Carboniferous and Devo- 
nian limestone, near Liege, in Belgium, has afforded the geologist 
magnificent sections of some of these caverns, and the foimier com- 
munication of cavities in the interior of the rocks with the old sur- 
face of the country by means of vertical or oblique fissures, has been 
demonstrated in places where it would not otherwise have been 
suspected, so completely have the upper extremities of these fissures 
been concealed by superficial drift, while their lower ends, which 
extended into the roofs of the caves, are masked by stalactitic 
incrustations. 

The origin of the stalactite is thus explained by the eminent 
chemist Liebig. On the surface of Franconia, where the limestone 
abounds in caverns, is a fertile 'soil, in which vegetable mutter is 
continually decaying. This mould or humus, being acted on by 
moisture and air, evolves carbonic acid, which is dissolved by rain. 
The rain water, thus impregnated, permeates the porous limestone, 
dissolves a portion of it, and afterwards, when the excess of carbonic 
acid evaporates in the caverns, parts with the calcareous matter, and 
forms stalactite. Even while caverns are still liable to be occa- 
sioiically fiooded such calcareous incrustations accumulate, but it is 
generally when they are no longer in the line of drainage that a 
solid floor of hard stalagmite is formed on the bottom. On the 
wliole, the circumstances under which an organic body is usually 
introduced into a cave are far more favourable to its preservation 
than those which accompany its envelopment in valley-alluvium ; 
for where the mud or stones are connected together by carbonate of 
lime, the free percolation of water, and consequent decay and re- 
moval of the bones or shells, are arrested. 

The late Dr. Schmerling examined forty caves near Liege, and 
found in ail of them the remains of the same fauna, comprising 
the mammoth, tichorhine rhinoceros, cave-bear, cave-hymna, cave- 
lion, and many others, some of extinct and some of living species. 
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and in all of tlicm flint imploments. In four or five caves only parts 
of Imman skeletons were met with, comprising sometimes skulls with 
a few other bones, sometimes nearly every part of the skeleton except 
the skull. In one of the caves, that of Engihoul, where Schmerliiig 
liad found the remains of at least three human individuals^ they were 
mingled in such a manner with bones of extinct mammalia, as to 
leave no doubt on his mind of man having coexisted with them. 

In 1860, rrofessor Malaise, of Liege, explored with rno this same 
cave of Engihoul, an4 beneath a hard floor of stalagmite we found 
mud full of the bones of extinct and living animals, such as Schiner- 
ling had d(*scribed, and my companion persevering in his researches’ 
after I had returned to England, extracted from the same deposit 
two human lower jaw-bones ret(3ning their teeth. The skulls from 
these Ilelgiaii caverns display*no marked deviation from the normal 
Ihiropean type of the present day. Oncj of them, for c‘xample, 
obtained by SchiiKTling from the Engis tave, situated on the left 
bank of the Meuse, is now preserved in the museum of the Uni- 
versity of Liege, and agrees with the long-headed type (fig. 105., 
p. lid.), and not with the short round form which seems, in Scan- 
dinavia at least, to have hemi the more ancient of the two. 

The careful investigations carried on by Dr. Falconer, Mr. 
Pengelly, and others, in the Brixbam cave m^ar Torquay, in 1858, de- 
monstrated that flint knives were there embedded in siicli a manner 
ill loam umlerlyiiig a floor of stalagmite as to jirove that man had 
been an iuliabilant of that region when the cave-bear and other 
members of the ancient ]mst-plioc(*ne launa were also in existence. 

'J'he certainty of tin; data on which this conclusion was founded 
had no small influence in inducing many English and French geolo- 
gists to appreciate mon? justly the opinion at which M. liouclier do 
Perthes had arrived after his restnirclies at Abbeville before men- 
tioned, which were still r(*garded by the scientific public in general 
with sc(ipticism and suspicion. 

The absence ol* gnawed bones had led Dr, Schmerling to infer 
that none of the llelgiaii ctives wdiieh he explored had served as the 
d(*u3 of wild beasts ; but there are many caves in Germany and Eng- 
land which have certainly been so inhabited, especially by the 
<‘Xtiuct liyjcna and bear. 

A fine example of a hyamti’s den was afibrded by the cjive of 
Eirkdale, so well described by tiit late Dr. Luckland in his JieUffUue 
Diluvianrjc, In that cave?, about twenty-five miles NNE. of York, 
the reiiiaiiis of about 300 hya*iias, belonging to individuals of every 
uije, were d<*tected. The species {Jh/wiiu spel^ad) is extinct, and 
was larger than the fierce lly<€na crocula of South Africa, which it 
most resembled. Dr. Auckland, after carefully examining the spot, 
))roved that the hyajiias must have lived there ; a fact attested by 
tlie quantity of their dung, which, as in the case of the living hymna, 
is of nearly tlie .same composition as bone, and almost as durable. In 
the cave were found the remains of the ox, young elephant, hippo- 
jjotamus, liiinoceros, horse, bear, wolf, hare, water-rat^ and several 
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birdfl. All the bones have the appearance of having been broken 
and gnawed bj the teeth of the hyaBiias ; and they occur confusedly 
mixed in loam or mud, or dispersed through a crust of stalagmite 
which covers it. In these and many other cases it is supposed that 
t)ortions of herbivorous quadrupeds have been dragged into caverns 
by beasts of prey, and have served as their food — an opinion quite 
consistent with the known habits of the living hyajna. 

Reindeer period in South of France, — In the larger number of 
the caves of Europe, as for example in tliose of England, Belgium, 
Germany, and many parts of France, the liiiimal remains agree 
opecifically with theTauna of the oldest division of the age of stone, 
or that to which belongs the drift of Amiens and Abbeville already 
mentioned, containing flint implements of a very antique type. But 
there are some caves in the departments of Dordogne, Aude, and 
other parts of the South of France, which are beli(*ved by M. Lartet 
to be of intermediate date between that ancient division of the stone 
age and the more modern one which is represented by the Swiss 
lake-dwellings. To tliis intermediate era M. Lartet gave, in 18(i3, 
the name of the “ reindeer period,” because vast quantities of tlie 
boru's and horns of that deer have been met with in those French 
caverns. In some cases separate plates of molars of the mam- 
moth, and several teeth of the great Irish deer, Cervus Mcffaccros, 
have been found mixed up with cut and carved bones of 
reindeer; but whether these extinct quadru])eds were really con- 
temporaneous at the era in question with man and the reindeer, is 
not yet clearly made out. Although the mammalian fauna con- 
sists of living species, tlic presence of the reind(*er, marmot, and 
some other northern animals, seems to imply a colder climate tlian 
that of the Swiss lake-dwellings, in which no remains of reindeer 
have as yet been discovered. The absence of these in the old la- 
custrine habitations of SwitzcTland is the more significant, because 
in a cave in the neighbourhood of the Lake of Geneva, namely, that 
of IMont Saleve, bones of the reindeer occur with flint implements 
similar to those of the caverns of Dordogne and Perigord. 

I'lic state of the arts, as exemplified by the instruments found in 
these caverns of the reindeer ])eriod, is somewhat more advanced 
than that which characterises the tools of the Amiens drift, but is 
nevertheless more rude than th.at of the Swiss lake-dwellings. No 
m(‘tallic articles occur, and the stone hatchets are not ground after 
the fashion of celts ; but some of the bones are artistically carved, 
so as to reprebcnt animals ; and the needh's of bone are shaped in 
a workmanlike style, having their eyes drilled with consummate 
skill. 

Australian cave-breccias, — Ossiferous breccias are not confined to 
Europe, but occur in all parts of the globe; and those discovered in 
fissures and caverns in Australia correspond closely in character 
with what has been called the bony bre 9 cia of the Mediterranean, 
in which the fragments of bone and rock are firmly bound together 
by a red ochreous cement. 
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Some of these cnves were examined by the late Sir T. Mitchell in 
the Wellington Valley, about 210 miles west of Sidney, on the river 
Bell, one of the principal sources of the Macquarie, and on the 
Macquarie itself. The caverns often branch off in different direc- 
tions through the rock, widening and contracting their dimensions, 
and the i-oofs and floors are covered with stalactite. The bones aro 
often broken, but do not seem to be water-worn. In some plac(;s 
they lie embedded in loose earth, but they are usually included in a 
breccia. 


Fig. no. 



Part of lower jdw ot Matropus atlas. Owen. A young individiiAl of nn extinct Bpecles. 
a. Perin.inent false molar, in the alveolus. 


The remains found most abundantly are those of the kangaroo, 
of which there are four species, besides which the genera llypsi-- 
prymnus, Phalangista^ Phascolomysy and Dasyurys, occur. There 
are also bones, formerly conjectured by some osteologists to belong 
to the liippopotamus, and by others to the dugoug, but which are 
now referred by Mr. Owen to a marsupial genus, allied to the 
Womhat\ 


Fig. 111. 



Lower j.iw of lar^tCst living if ecies of kangaroo. 
i^Macropw 


In the fossils above enumerated, .several species are larger than 
the largest living ones of the .same genera now known in Australia. 
The preceding figure of the right side of a lower jaw of a kangaroo 
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{Macropus atlas^ Owen) will at once be seen to exceed in rcognitudo 
the corresponding part of the largest living kangaroo, which is 
represented m dg. 111. In both these specimens part of the sub- 
stance of ^be jaw has been broken open, so as to show the permanent 
false molar («, fig, 110.) concealed in the socket. From the fact of 
this molar not having been cut, we learn that the individual was 
young, and had not shed its first teeth. In fig. 112. a 
front tooth of the same species of kangaroo is repre- 
sented. 

The reader will observe that all these extinct qua- 
. drupeds of Austi;p,lia belong to the marsupial family, 
or, in other words, that they are referable to the same 
peculiar type of organization which now distinguishes 
the Australian mammalia fronicthose of other parts of 
the globe. This fact is one of many pointing to a 
general law deducible from the fossil vertebrate and 
invertebrate animals of times immediately antecedent 
to our own, namely, that the present geographical 
distribution of organic forms dates back to a period 
anterior to the origin of existing species; in other ,w<i- 

words, the limitation of particular genera or families 
of ([uadru})eds, mollusca, &c., to certain existing provinces of land 
and sea, liegan before the larger part of the species now contempo- 
rary with man had been introduced into the earth. 

Professor Owen, in his excellent “ History of British Fossil Mam- 
mals,” has called attention to this law, remarking that the fossil 
quadrupeds of li^urope and Asia differ from those of Australia or 
South America. We do not find, for example, in the Europaso- 
-Asiatic province fossil kangaroos or armadillos, but the elephant, 
rhinoceros, horse, bear, hyiena, beaver, hare, mole, and others, which 
still ciiaracterise the same continent. 

In like manner, in the Pampas of South America the skeletons of 
Megatherium, JMegalouyx, Glyptodon, Mylodoii, Toxodon, Macrau- 
chenia, and other extinct forms, are analogous to the living sloth, 
armadillo, cavy, capybara, and llama. The fossil quadrumana, also 
associated with some of these forms in the Brazilian caves, be- 
long to the Platyrrhine family of monkeys, now peculiar to South 
America. That the extinct fauna of Buenos Ayres and Brazil was 
very modern has been shown by its relation to deposits of marine 
shells, agreeing with those now inhabiting the Atlantic ; and when 
in Georgia in 1845, I ascertained that the Megatherium, Mylodon, 
l^quus curvidensy and other quadrupeds allied to the Pampean type, 
collected by Mr. ITamilton Couper, were posterior in date to beds 
containing marine shells belonging to forty-five recent species of the 
neighbouring sea. 

There are indeed some cosmopolite genera, such as the Mastodon 
(a genus of the elephant family) aud the horse, which were simul- 
taneously reiircsented by difierent fossil species in Europe, ^orth 
America, and South America \ but these few exceptions can by no 
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means invalidate the rule which has been thus expressed by Professor 
Owen, that in “the highest organized class of animals the same 
forms were restricted to the same great provinces at tlie Pliocene 
periods (and we may add Post-pliocciie) as they are at the present 
day.” 

However modern, in a geological point of view, avo injiy consider 
the NeAver Tlioccne and Post-pliocene epochs, it is evident that 
causes more general and j>0Avcrful than the intervention of man 
have occasioned' the disappearance of the ancient fauna from so 
many extensive regions. Not a fcAv of the species had a wide range ; 
the same jMogatherinrn, for instance, extended frejn Patagonia and. 
tlie river Plata in South America, betAveen latitudes dl° and 39° 
south, to corresponding latitudes in North America, the same animal 
l)oing also an inhabitant of the intermediate country of Brjizil, 
Avhere its fossil remains have been met Avith in caves. The mammoth 
(Elephns primi(jcnius) lias been likewise found fossil in North Ame- 
rica, and again in the eastern hemisphere from Siberia to the south 
of Europe- If it be object'd th.at, notAvithstanding the adaptation 
of such qinidrupeds to a variety of climates and g(*ographical con- 
ditions, th(*ir great size exposed them to extermination by the first 
hunter tribes, Ave may observe that the investigations of Lund and 
Clausen in tlni ossiferous limestone caves of Brazil have demon- 
strated that these large mammalia Avere associated witli a great 
many .smaller quadrupeds, some of them as diminutive as field-mice, 
which have all died out together, Avliile the land-shells formerly 
their contemporaries still continue to exist in the same countries. 
As Ave may feel assur(*d that these minute quadrupeds could never 
liave l)(‘eii extirpated by man, especially in a country so thinly 
peoph'd as Brazil, so wo, may conclude that all the sjiecies, small and 
great, have been anniliihit(‘d one after the oth(‘i\ in the course of 
indeiinitj ages, l)y those changes of circumstances in tli(i organic, 
and inorganic Avorld Avhich are always in progress, and are capable 
in the course of time of gn^atly modifying the physical goo"raphy, 
cdiniate, and all other conditions on wJiicli the continnaiice upon tlie 
earth of any living being must dtjpend.* 

The law of geographical ndationship above .alluded to, hetAveen 
the living vertebrata of every great zoological province and the 
fossils of the period immediately antecedent, even where the fossil 
species are extinct, is by no inear ^ confined to the mammalia. Ncav 
Zealand, when first examined by Europeans, aa'jxs found to contain 
no indigenous land quailrupeds, no kangaroos, or opossums, like 
Australia ; but a wingless bird abounded there, the smallest living 
representative of the ostrich family, called the KiAvi by the natives 
(Aptei'i/x). In the fossils of the Post-pliocene period in this saimi 
island, there is the like absence of kangaroos, opossums, Avombats, 
and the rest ; but in their place a prodigious number of well-pre- 
served specimens of gigantic birds of tlie struthious order, called by 

* Sec Principles of Gcolog}', chaps, xli. to xliv. 
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Owen Dinornis and Palapten/x, which arc entombed in superficial 
deposits. Tliese genera comprehended many species, some of which 
were four, some seven, others iiinff, and others eleven feet in height! 
It seems doubtful whether any contemporary mammalia shared the 
land with this population of gigantic feathered bipeds. 

Mr. Darwin, when describing the recent and fossil mammalia of 
South America, has dwelt much on the wonderful relationship of the 
extinct to the living types in that part of the world, inferring from 
such geographical phenomena that the existing species are all re- 
lated to the extinct ones which preceded them by a bond of common 
descent. 

The late able naturalist, Edward Forlxvs, had declared in I84G his 
conviction that, not only the great extinct deer, Cervus mogaccros^ 
but also the mammoth, and other lost pachyderms jind carnivora, 
lived in Britain after tin* extreme cold of the glacial period had 
passed away.* More rciccmt observations by Mr. Prestwich and Dr. 
Falcoii(‘r, On the fossil contents of the drift and cave d(‘posits of 
England, have confirmed this ojiinion, and have also proved thaj^a 
larg(‘r number of the lost species thah Forbes probably su<p(‘et(‘d 
Avere posterior in dntc to the submergence of central England beneath 
the Avaters of the glacial sea — an event which Avill be spoken of in 
the twelfth ehajiter. Mr. Prcstwich has pointed out that there are 
some contortions of the strata in the higher le,vel gravels of the Seine 
and Somme Avhich indicate ice-action, such as might be caused by 
the fi’eezing over of the rivers in Avinter, as now happens in corres- 
ponding latitudes in Canada. As these higher-level gravels, which 
contain human implements mingled with remains of extinct mam- 
malia, approach in age to the glacial period in proportion as they 
recede to a greater di.stance from our time, it is natural that Ave 
.should discoA'er in them .some indications of a colder climate. Ac- 
cordingly, in addition to the disturbed stratification, a phenomenon 
to Avhich 1 shall ag:iin allude in the s(*(iucl, p. loo., the large dimen- 
sions of many angular fragments of rock buried in the higher gravel, 
and Avhich have been transported from great distance's in the .same 
hydrographical ba.sins, alford corroborative indications of ice- action. 

If it be .asked Avh(*ther the charaetrer of the iluviatile and land- 
shells of the same post-pliocene drifts also implies a colder climate, 
it may he said that they are generally of tho same species as those 
now inh.abitiiig the saim* districts, hut most of lln*m have noAv so 
wide a northward range into Nortvay and Finland, that tliey may 
pciliaps have flourished Avlicn the cold, espr'cially in Avinter, Avas 
greater than now. But Avhen Ave contemplate tiic Avhole of the evi- 
di'iice as to climate derived from a Avidc area in Europe, we find it 
to he very conflicting, OAving possibly to post-glacial fluctuations in 
t(*mperaturc, occasioning the migrations of quadrupeds from north 
to .south and from south to north, during difleient seasons of the 

* Memoirs of Geol. Survey, pp. 394. 397. 
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same year, or duriii" successive stages of the same era. The rein- 
deer and the musk- buffalo, Bubalus moschatus, are well known as 
living inhabitants of the Arctic regions, and they both occur fossil 
in the valley of the Thames, and in that of the Avon, near Bathcastoii, 
as well as in the drift of the valley of tlie Oise, a tributary of the 
Seine. Tlie same buffalo has also been met with in the post-plioceiie 
drift of North (Germany, at the gates of Berlin, where, as in England, 
it accompanied the mammoth, Elephns primigenms^ and the two- 
horiied, or woolly rhinoceros, i?. tichorhinus. The last-mentioned 
mammalia were both of them found by Pallas preserved with their 
desh in the frozen gravel of Siberia, and they have also been met 
with in the drift of North Germany, near Quedlinburg, associated 
with the Norwegian lemming, Mgodes lommiis, and another species 
of the same family, called by Pallas Myodes torquntus (by Hensel 
Misofhermus torquatus\ a still more Arctic quadruped, for it was 
observed by Parry in lat. 82° N., and is s.;nM never to stray farther 
vsonth than the northern borders of the woody region.’ 

No instance has yet occurred in North (Germany of the associa- 
tion of these lemmings, reindeer, and musk-l)uffalos, with the hippo- 
potamus. When the latter genus occurs in England, it is usually 
accompanied by Elephns antlqunsy and Rhinoceros hemihvchos{¥d\<i,\ 
or sometini(.‘s with Rhinoceros leptorhinus. 

At Gray’s Thurrock, in Essex, on the left or north bank of the 
Thames, where the tlii’oe pachyderms last enumerated are found 
together, a fossil shell, Cyrena fimnhialis, is abundant, which no 
longer lives in any Kuropean river, but still inhabits the Nile and 
])arts of Asia. With it, in the same sand and gravel, the f^fiio 
littoralis occurs, now extinct in Britain, but still living in the Seine 
and Loire in France. It may be contended that when tlie Cyrena 
J/ttminnlis abounded in the Thariujs, the hippofiotamus may have 
been suited to the same climate, just as the same mollusk and tlie 
living hippopotamus now coexi.''t in the Nile. We may doubtless 
imagine that during the couutlc'js centuries which may have passed 
away since the glacial epoch, tliere have been oscillations of tempe- 
rature, in the course of wdiicli <*ertain members of a more southern 
fauna migrated northwards, and then retreated again wlien a suc- 
cession of less genial seasons ])re vailed, wliile otlu‘r migrations in an 
opposite direction took place whenever there was a change from a 
warmer to a colder climate. 

In the Valley of the Somme the rude flint tools before mentioned, 
page 116., have been found at Mcnchccourt, near Abbeville, asso- 
ciated with the Cyrena Jluminnlis^ and with the Hippopotamus 
major. These were met with in the lower level post-pliocene 
gravel, and may bo referable, as Mr. Prestwicli has suggested, to a 
period when the climate was somewliat warmer than that of the 
higher level drift of this same valley. It is in that higher and older 
drift at St. Acheul, near Amiens, that flint implements have been 
found in tlie greatest number, together with the bones of the elephant 
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and other post-pliocene quadrupeds, so that man must have existed 
through several successive phases of the geography and climate of 
that region in prehistoric times. * 

In 1863, several individuals of the Greenland lemming, and 
several of a new species of Spermophilus, an arctic type allied to 
the marmot, were found by Dr. Blackmoro in the ancient alluvium 
of the Wiley near Salisbury, in lower level drift, rising about thirty 
feet above the present water meadows. They were associated with the 
mammoth, tichorine rhinoceros, cave hycena, reindeer, and many other 
mammalia, probably suited, like them, to a cold climate. In the im- 
mediate vicinity occurs a higher level gravel, ninety feet above the 
Wiley, from which flint implements, much rolled and resembling some 
of those at Amiens, have been obtained. After examining the spot, 
I agree with Dr. Blackmore, that these flint tools, and the gravel 
in which th(‘y are embedded, are older than the deposits containing 
the extinct mammalia, so that in this instance wc cannot suppose, 
as in the case of Menchccourt above alluded to, that the fossils oi‘ 
the more modern or lower level deposit indicate a more genial 
climate. 

Nearly all the known post-plioceno quadrupeds have now been 
found either in valley drifts or cave deposits in England or on the 
ContiiKMit, a(!Companying flint knives or hatchets in such a way as 
to iiiqdy the co-existence of the same mammalia with man. The 
antiquity, therefore, of the human race may he inferred from the 
concurrent testimony of several independent classes of geological 
facts. In the first place, the disappearance of many wild animals 
from a large continent, even where man has been an active agent of 
extermination, must always require a considerable lapse of time for 
its accomplislinient ; indeed, before the invention of fire-arms, it is 
hard to say how many centuries it would take to bring about such 
utter extirpation. Yet there can be no doubt that many species be- 
came extinct after man was a denizen of the earth, and before the 
Danish sliell-mouiids were formed, or the oldest of the Swiss lake- 
dwellings constructed. Secondly, thousands of years must have 
been required to enable rivers to deepen and widen their valleys, and 
to grind dowji fragments of rock into mud, sand, and pebbles, on such 
a scale as to produce the old valley gravels, both higher and lower, 
containing flint implements and the bones of extinct mammalia. 
Thirdly, much lime is also demanded to enable springs and engulfed 
rivers to change their courses, and for eaves which once lay in the 
line of a great subterranean drainage to become dry, and to have 
their floors encrusted over with a hard covering of stalagmite. 
Lastly, ages must have been required to bring about sueh a change 
in the climate of a wide region as to cause the winters to he less severe, 
and the gcograpliical distribution of certain species of mammalia and 
land and freshwater shells to var}. The length of the historical 
epoch, even if assumed to be 3000 or 4000 years, does not furnish us 
with any appreciable measure for calculating the number of centuries 
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which would suffice for such a series of changes, which are by 
no means of a local character, but have already been traced from 
England and the North-west of France to Sardinia and Sicily. 

Relative longevity of species in the mammalia and tcstacea, — 
I called attention in 1830* to the fact which had not at that time 
attracted notice, that the association in the post-pliocene deposits of 
shells, exclusively of living species, with many extinct quadrupeds, 
betokened a longevity of species in the testacea far exceeding that 
in the mammalia. Subsequent researches seem to show that this 
greater duration of the same specific forms in the class mollusca is 
dependent on a still more general law, namely, that the lower th6 
grade of animals, or the greater the simplicity of their structure, the 
more persistent are they in general in their specific characters 
throughout vast periods of time. Not only have the invertebrata, 
as shown by geological data, altered at a less ra})id rate than the 
vertebrata, but if we take one of the claisses of the former, as for 
example the mollusca, we find those of more simple structure to have 
varied at a slower rate than those of a higher and more comjdex 
organisation ; the brachiopoda, for example, more slowly than the 
lamellibraiichiate bivalves, while the latter have been more persistent 
than the univalves, whether gasteropoda or cephalopoda. Tn like 
manner the specific identity of the characters of the forfiminifera 
which are among the lowest types of the invertebrata has outlasted 
that of the mollusca in an equally decided manner. 

Teeth of post-pliocene mannnalia, — To those who have never 


a Hg. n2a. b 



hlcphas prirntfiruius (or Mamiiiolh; ; molar of iippor j.iw', right bido ; on»* third of iiat. suf. 
PubC-pliorciie. a. g- 'ndiug burfuct.'. sido view. 

Studied comparative anatomy, it may seem scarcely credible that a 
single bone taken from any part of the skeleton may enable a skilful 
osteologist to distinguish, in many cases, the genus, and sometimes 

* Principles of Geology, 1st ed. vol. iii. p. 140. 
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the species, of quadruped to which it belonged. AJthough few geo- 
logists can aspire to such knowledge, which must be the result of 
long practice and study, they will nevertheless derive great advan- 
tage from learning, what is comparatively an easy task, to distinguish 
the principal divisions of the mammalia by the forms and characters 
of their teeth. 

The annexed figures represent the teeth of some of the more 
common species and genera found in alluvial and cavern deposits. 

Fig. 113. 



auli'fuus, Falconor. PenulMmate molar, onc-tliird of iiat size. 
ri)Ht-pIiocene and pUocem*. 


Fig. 114. 



Klephas ntcrulionalis, Nosti. rmultimato molar, one-third of nat. 
Poht-pliocoiie and pliocene. 


Fig. 115. 



lihmoceros Icptorfinius, Cu- 
— lihin. incfiai/nuuK, 
Chrlsfol ; I'osvil from fresh- 
water lia ol Orays, Kss.-\ 
(seep 130.1: peniiltimato 
* Jowerj.iw, left side ; 
two-thirds of nat. sire. 
Post-f)lioceue and Newer 
pliuenne. 


Fig. l|f>. 



Rhimeerost tickorhinus ; pe- 
niiltimHte mol.ir, lower 
jaw, left side ; two-thirds 
of nat. size, rost-pliocciio. 


Fig. 1 17. 



Hippopotamus ; from cave 
near Palermo ; molar 
tooth ; two-thirds of nut. 
size. Post-pliocene. 
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On comparing, the grinding surfaces of the corresponding molars 
of the three s])ecies of elephants, figs. 112 a, 113, 114., it will be seen 
that the folds of enamel are most numerous in the mammoth, fewer 
and wider, or more open, in E. antiquus ; and most open and fewest 
in E, meridionalis. It will be also seen that the enamel in the 
molar of the rhinoceros tichorinus (fig. 116.) is much thicker than 
in that of the rhinoceros leptorhinus (fig. 115.). 


Fig. US. 



Pig. 

Sus scrofa, L. (common 
]tig). from shell-marl, 
Forfarshire ; po-stcrior mo- 
Ifir, lower |aw. nat* 
Hn-eiit 


Fig. 119. 


h 



, Horse. 

Eqrtut cahallus, L. (common horse); 
from the fbell-inarl, Forfarshire; se- 
cond molar, lower jiiw. Kecent. 

a, grinding surface, two-thirds nat. size. 

b. bide view of same, halt nat. sue. 
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Fig. 122. 


Fig. 123. 



Hear. 


n caijjne timth or tusk of bear (Vrsus 
ipdfCim ) ; from ca»o near Ijldgf. 
h. iiuilar of left side, upper jaw ; one- 
tliird of nat. size. Fost>pIiocene. 



J’lgcr. 

i\ canine tooth of tiger (Fclis figns) , 
recent. 

rf outside view of posterior molar, 
lower jaw; onc-third of nat. size ; 
recent. 


Fig. 124. 



Uytcna spcliica} lower jaw. Kent’s Hole, Torquay, Devonshire. 
()ne>third nat si/e. Fust-pliocene. 


Fig. 125. 



Jhnrna spehea ; soeond molar, left 
lower jaw ; nat. size, t’.ivc 
'll Kirkd.ile. IVt. pliocene. 



Teeth of a new .speeies. oj Arncola, fu ld-mouse ; from the 
Norwieli Crag. Newer Flioeene. 
rt. grinding silt l.iee. A. side view of same 
I' ual. size ol a and b. 


Fig. 127. 



fi. fourth molar, right side, lower jaw. MeenthenuM; Georgia, 
U.S. ; onc-third nat. size. Fost.plioccne. 



b. crown ofiamc. 
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CHAPTER XL 

rOST-PLIOCKXK PElUOl> CONTINUED. — GLACIAL EPOOrr. 

r.oo^raphioal distdlaitioii, form, ami eharacfors of jrlmjjal tiiift — Fumlainontal 
rni ks, poli.slicd, j^roovcd. and scratched — Abrading and striating action ol 
^Jacior.s — Moraines, erratic blocks, and “ lloches Moutonm'es” — Aljdne blocks 
on the dura — Colossal size of ancient Swiss glaciers — Continental ice of Green- 
land — Ancient centres of the d!''|icrsioti of erratics Transportation of drift by 
lloating icebergs lied of the sea fiirroweil and jnd'shedby the running aground 
of floating ice-islands - How to d stinguisb glacial dri!* of subinariiie from that 
of terrestrial origin. 

Among the difTorent kinds of alluvium (loscrihod in Chapter XTL. 
a passing allusion was made (page 80.) to the “ bouhler formation ” 
and to its origin as probably connected with tlic agency of glaciers 
and floating ie(‘. 'fliis formation, to which many nam(‘s, such tis 
diluvium,” iiortliern drift,” “boulder clay,” and “glacial d(*po- 
sits ” have been given, is abundant in Europe north of the dOth, 
and in North America north of the lOtli parallel of latitude. It is 
wanting in tlie warmer and equatorial regions, and rct'ippcars when 
wo examine the lauds which lie south of the lOth and oOth parallels 
ill the Southern Hemisphere, as, for example, in I’atagonia, Terra 
del Euego, and New Zealand. It consists of sand and clay, some- 
times stratified, but often wliolly ik*\oi(’ of stratification for a dcjitii 
ofdO, 100, or even a greater nunibei of feet. To tliis unstratilied 
form of the deposit the name of//// lias long been applied in Scot- 
land. It generally contains a mixture of angular and rounded 
fragments o*' rock, .some of large sizi*, having occasionally one or 
more of their sides flattened and smoothed, or even highly polislied. 
Tlie smootlied surfaces usually exhil>it many scratciies jiaralhd to 
each other, one set of which often crosses an older sot. TIu* till is 
almost everywhere wliolly devoid of organic remains, (‘xeept thosi* 
washed into it from older formations, tlioiigh in some places it con- 
tains marine shells of arctic sp'*eies, many of them in a fragmentary 
state. The bulk of the till has usually been derived from tlie 
grinding down into mud of rocks in the immediate neighbourhood, 
so that it is red in a region of Fed SamUtone, as in Strathmore in 
Forfarshire ; grey or black in a district of coal and coal-sliale, a‘< 
around Edinburgh ; and white in a chalk country, as in parts of 
Norfolk and Donrnai k. The stony fragments dispersed irregularly 
through the till usually belong, especially in mountainous countries. 
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to rocks found in some part of the same hydrographical basin ; but 
there are regions where the whole of the boulder clay has come from 
a distance, and huge blocks, or “ erratics,** as they have been called, 
many feet in diameter, have not unfrequontly travelled hundreds of 
miles from their point of departure, or from the parent rocks from 
wdiich they have, evidently been detacli d. These are commonly 
angular, and have often one or more of their sides imlished and fur- 
rowed. 

The fundamental rock on which the boulder formation reposes, if 
it consists of granite, gneiss, marble, or other hard stone, capable of 
•permanently retaining any superficial markings which may have 
been imprinted upon it, is usually smoothed or polished, like the 
(Tratics above described ; and exhibits ])aralk*l stria) and furrows 
having a determinate direction. This direction, both in Kurope and 
North America, agrees generally in a marked manner with, the 
course taken by the ('i ratic blocks i»'j he same district 

The bonlder clay, wlnm it w.‘is first studied, seemed in many of 
its characters so singular and anomalous, that geologists despaired 
of ever hciiiig able to interpret the phenomena by reference to causes 
now in diurnal action. In those exceptional cases, where marine 
sliellts of the same date as the boulder clay were found, nearly all 
of thorn were recognised as living species— a fact conspiring with the 
sup(*iiicial position of the drift to indicate* a comparatively modern 
origin. The recentness of the date caused llie enigma appear 
only the more perj)lexing, and strengthened the belief that the phe- 
nomena were the results oi foices di^jiinct both in kind and energy 
from tlioso now operating in the ordinary course* of jiature. Notions 
of this kind were calculated to retard the progress of science, by 
diverting attention from siicli every-day 0 ]>eratihjis were capable 
of producing analogous efTects. 

The t(*riu ‘Sliluvium ” Avas for a time tiie most popular name of 
the bonhler formation, because it was -eferred by many 1o the deluge 
of Noah, while others retained the name as ex[)ressive of their 
oj)inioii that a series of diluvial waves iai''ed hy hnrrmanes and 
^to^Ins, or hy eartlnjuakes, or by the sudden njiheava: d* land from 
the h(*d of the sea, had swept o 'er the continents, ’’»'ying with 
them vast ina>sos of mud and heavy stones, and foicin,^ .lese stones 
over rocky surfaces so as to poli>h and imprint upon them long 
furrow'3 and strise. 

l>ut geologists were not long in seeing that the boulder formation 
was characteristic of high latitudes, and tliat on the whole the size 
and nuniher of erratic blocks increases as we travel towards the 
arctic regions. They could not fail to he struck with the contrast 
which the countries bordering the Baltic presented when compared 
with those surrounding the Mediterranean. The multitude of tra- 
velled blocks and striated rocks in the one region, and the absence 
of such appearances in the other, were too obvious to bo overlooked. 
Even tlie great development of the boulder formation, with large 
erratics so far south as the Alps, offered an exception to the general 
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rule favourable to tlio hypoiliesis that there was some intimate con- 
nection between it and accumulations of snow and ice. 

Abrading^ polishing^ scorbig^ and transporting power of glaciers , — 
It is well known that those parts of tlie Alps which rise to heights 
exceeding 8500 feet above the level of the sea are covered with 
perpetual snow. This snow, as it receives annual* additions, would 
increase indefinitely in altitude were not its accumulation checked 
by the constant descent of a large portion of it by gravitation. As 
it glides slowly down the principal valleys flanking the highest 
mountains, it becomes converted into solid ice, and forms what are 
termed glaciers, or rivers of ice, the lower extremities of which,' 
when they descend into warmer regions, melt and give rise to torrents 
of water. On the borders of every glacier arc seen on either side 
mounds, or taluses of rubbish, consisting of angular fragments of 
rock, with large heaps of sand and mud. At certain distances from 
each side, and often in the centre, ridges composed of similar debris 
from three to twelve feet in height, arc observable. Each of these 
has originated, like the lateral mounds, in the form of a talus accu- 
mulated at the foot of a steep slope or precipice. Frost, rain, light- 
ning, and avalanches of snow arc constantly detaching fragments of 
rock and soil which fall or roll down to the bottom of such precipices. 
If the base of the heap of loose materials were washed by a river, it 
would soon be undermined and swept away, but when this fallen 
matter reaches the edge of a glacier, which is always moving on- 
wards night and day at the rate of several inches, or somerimes a 
foot or two in twenty-four hours, the whole talus becomes locomotive, 
and is changed into a long stream of blocks and earthy matter, 
fringing the glacier on both sides, and constituting what are called 
lateral moraines. As often as glaciers arc confluent, the right lateral 
moraine of one blends with the left moraine of the other, and both 
are then carried down in the middle of the mass of ice produced by 
the union of the two glaciers, forming wdiat is called a medial 
moraine. 'J'he number and position of these moraines will depend 
on the number and size of the tributary glaciers which join the main 
one. 13y such machinery, not only small stones and earth, but erratic 
blocks of the largest size arc carried down from the mountains to 
the lower valhiys and plains, performing a journey of twenty or 
tliirty miles in the course of several centuries, and usually retaining 
their edges sharp and unworn to the last. 

When the glacier passes over uneven ground, it becomes rent, 
and traversed by broad and deep transverse fissures, into which por- 
tions of the lateral or medial moraines are precipitated. Hills of 
water also, derived from the liquefaction of the ice by the sun’s rays in 
summer, run over the surface of the glacier until, arriving at one of 
these fissures, tliey cascade into it. From this source, as well as from 
springs, which must occasionally break out under the glacier, are 
derived torrents which flow under the ice in tunnels, where the 
angular stones which have fallen to the bottom through the Assures 
often become rounded, as in the ordinary bed of a river. Other 
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blocks and pebbles, being fixed in the ice, and firmly frozen into it, 
are pushed along the bottom of the glacier, abrading, polishing, and 
grooving the rocky fioor below, while each stone is reciprocally fiat- 
tened, polished, and striated on its lower side. As the forces of 
downward pressure and onward propulsion are enormous, each small 
grain of sand, if it consist of quartz or some hard mineral, seratches 
and polishes the surface, whether of the underlying rock or of the 
boulder which impinges on it, as a diamond cuts glass or as emery 
powder polishes steel. The strim which are made, and the deep 
grooves which are scooped out by this action, are rectilinear and 
parallel to an extent never seen in those produced on loose stones 
or rocks, where shingle is hurried along by a torrent, or by the waves 
on a sea- beach. 

As water is always flowing under some parts of a glacier, and 
much melting and rcgelation are going on in difierent places, stones 
are liable to change their position, in which case a second set of 
striae and furrows may be imprinted in a new direction, or another 
side of the stone becomes, in its turn, flattened, striated, and polished. 
In like manner the solid rock underneath the glacier may exhibit 
scratches and grooves in more than one direction. The furrows 
will, most of them, coincide with the general course of the valley ; 
but as the ice in difierent seasons varies in quantity, the direction 
of its motion at any given point is not uniform, so that the grooves 
and scratches will also vary, one set often intersecting another. 


Tig. 128. 



Limc'Stone, pnlisht'd, furrowed, and scratched by the glacier of Rnsen1aui,ln Switzerland. (Agassiz.) 
a a. White streaks or scratches, caused by small grains of flint frozen into tlie ice. 
d 6. I'urrows. 

When a Swiss glacier, laden with mud and stones, descends so far 
as to reach a region about 3500 feet above the level of the sea, the 
warmth of the air is such that it melts rapidly in summer, and in spite 
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of the downward movement of the mass, it can advance no farther. 
Its precise limits are variable from year to year, and still more so 
from century to century ; one example being on record of a recession 
of half a mile in a single year. We also learn from M. Venetz, that 
whereas, between the eleventh and iifteenth centuries, all the Alpine 
glaciers were less advanced than now, they began in the seventeenth 
and eighteenth centuries to push forward, so as to cover roads formerly 
open, and to overwhelm forests of ancient growth. 

Tliese oscillations enable the geologist to note the marks which a 
glacier leaves behind it as it retrogrades ; and among these the most 
proinineut is the terminal moraine, which is a confused heap of un- 
stratitied rubbish, like the before described ; all the mud, sainf, 
and pieces of rock, with which the glacier was loaded, having been 
slowly deposited in the same spot where no running water interfered 
to sort them, by carrying the smaller and lighter particles and stones 
farther than the bigger and heavier ones. I'hese terminal moraines 
often cross the valley in the form of transverse mounds, more or less 
divided into separate masses or hillocks by the action of the torrent 
which flows out from the end of the glacier. Such transverse 
barriers were formerly pointed out by Saussure, below the glacier of 
the Khone, as proving how far it had once transgressed its present 
boundaries. On these moraines we see many large angular frag- 
ments, which, having been carried along on the surface of the ice, 
have not bad their edges worn olf by friction ; there are also many 
boulders, ol‘ various sizes, which have been roundi‘d; some, as before 
stat<?(l, by the power of water beneath the glacier, others by the 
inechanical force of the ice which has pushed them against each 
other, or against the rocks flanking the valley. 

As the terminal moraines *are the most prominent of all the monu- 
ments left by a receding glacier, so are tlnjy the most liable to obli- 
teration ; for violent floods or debacles ai’e often occasioned in the 
Alps by the sudden bursting of what arc called glacier-lakes. The.^e. 
temporary slic(?ts of water are caused by the damming up of a river 
by a glacier which has increased during a succession of cold seasons, 
and descending from a tributary into the main valley, has crossed it 
from side to side, (^n the failure of this icy barrier, the accumu- 
hite<l waters are let loose, which sweep away ami level many a 
transverse mound of gravel and loose boulders below, and spread 
their materials in confused and ir ^^gular beds over the river-])laiii. 

In addition to the polisJied, striated, and grooved surfaces of rock 
already described, another mark of the former action of a glaci(.*r is 
the “ roche inoutonnee.” Projecting eminences of rock so call(‘d 
have been smoothed and worn into the shape of flattened domes by 
the glacier as it passed over thoiii. 

Although the surface of almost every kind of rock, when exposed 
in the open air, wastes away by decomposition, yet some retain for 
ages their polished and furrowed exterior ; and, if they are well 
protected by a covering of clay or turf, tliese marks of abrasion 
flccm capable of enduring for ever. They have been traced in the 
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Alps to great heights above the present glaciers, and to great hori- 
zontal distances beyond them. 

There are also found, on the sides of the Swiss valleys, round and 
deep holes with polished sides, such holes as waterfalls make in the 
solid rock, but in places remote from running waters, and where the 
form of the surface makes it difficult to suppose that any cascade 
could ever have existed. Similar cavities are common in hard rocks, 
such as gneiss in Sweden, where they are called giant caldrons^ and 
arc sometimes ten feet and more in depth ; but in the Alps and Jura 
they often pass into spoon-shaped excavations and prolonged gut- 
ters. We learn from M. Agassiz that hollows of this form are now 
cut out by streams of water which, after flowing along the surface 
of a glacier, fall into open fissures in the ice and form a cascade. 
Here the falling water, causing the gravel and sand at the bottom 
to rotate, cuts out a round cavity in tins rock. But as the glacier 
moves on, the cascade becomes locomotive, and what would other- 
wise have been a circular hole is prolonged into a deep groove. 
The foiin of the rocky bottom of the valley down which the glacier 
is moving causes the rents in the ice and these locomotive cascades 
to be formed again and again, year after year, in exactly the same 
spots. 

Another eflect of a glacier is to lodge a ring of stones round the 
summit of a conical ])eak, or a single block on a sharp ridge, which 
may happen to project through the ice. If the glacier is lowered 
greatly by melting, thestj blocks or circles of large angular frag- 
iiumts, wliich are called “perclicd blocks,’’ are left in a singular 
situation at or tu'ar the top of a sharp pinnacle or ridge, the lower 
jiarts of which may bo destitute of boulders. 

Alpine blocks on the Jura . — Some or all the marks above enu- 
mersit(‘d — th(‘ moraines, erratics polished surface's, domes, striie, 
caldrons, and ])er(!ljed rocks — are observed in the Alps at great 
heights above the present glaciers, and far below their actual ex- 
tremities ; also ill the great valley of Switzerland, fifty rnilc'^ liroad ; 
and almost everywhere on the Jura, a (diain wliich lies to the north 
of this valley. Tlic average height of the Jura is about one-third 
that of lh<* Al[»s, and it is now entirely destitute of glaciers ; yet it 
])resents almost e,veiywhere similar moraines, and the same polished 
and grfioved surfaces and water-worn cavities. The erratics, more- 
over, wliich cover it, present a jdieiiomenon which has astonished 
and j)('r|)lexcd the geologist for more than half a century. Xo con- 
clusion can be more incoiitestnblo than that those angular blocks of 
granite, gii(*iss, and other crystalline formations, came from the Alps, 
and that they have been brought fur a. distance of fifty miles and 
upwards across one of the widest and deejicst valleys in the world ; 
so that they are now lodged on the hills and valleys of a chain com- 
posed of limestone and other formations, altogether distinct from 
those of the Alps. Their great size and angularity, after a journey 
of so many leagues, has jiistly excited wonder; for hundreds of 
them are as large as cottages ; and one in particular, composed of 
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gneiss, oelebriitod umler tlie name of Pierre ii Bot, rests on the side 
of a hill about 900 feet above the lake of Neufchatel, and is no less 
than 40 fe(;t in diameter. 

In the year 1821, M. Vcnetz first announced his opinion that the 
Alpine glaciers must formerly have extended far beyond their present 
limits, and ihe proofs appealed to by him in confirmation of this 
doctrine were afterwards acknowledged by M. Charpentier, who 
strengthened them by now observations and arguments, and de- 
clared, in 183G, his conviction that the glaciers of the Alps must 
once have reached as far as the Jura, and have carried thither their 
moraines across the great valley of Switzerland. M. Agass^iz, after 
s(*veral excursions in the Alps with M. Charpentier, and after 
devoting himself for some years to the study of glaciers, published, 
in 1840, an admirable description of them and of the marks which 
attest the former action of great masses of ice over the entire sur- 
face of the Alps and the surrounding country.* 

M. Charpentier conceived that the Alps, at the time when the 
glaciers extended continuously from tlnun to the Jura, and conveyed 
to them so many Alpine erratics, were 2000 or 3000 feet higher 
than now. Professor James 1). Forbes, in his excellent work on the 
Alps, published in 1843, came in like manner to the conclusion that 
the ancient glaciers were of colossal size, and had once stretched 
from the principal chain to the Jura. The original theory of Saiis- 
sure, that the erraties were all whirled along to great distances by 
a rapid current of muddy water rushing from the A1|)S, has long 
been exploded; and the liypotliesis of the submergence of Switzer- 
land beneath the waters of the sea, and the transportation of moraines 
and erratic blocks on ice-rafts or floating icebergs from the Alps 
to the Jura, then an island — a view to which I myself formerly 
leaned — has been disproved by a earefiil study of the present distri- 
bution of the travelled masses. Their arrangement, both on the 
north and south of the great chain, whether in the Pays de Vaud 
and Jura or in the plains of the Po, is such as to imply that they 
were transported to their present sites by glaciers of enormous size 
descending by the existing valleys at a time when all tin? gr(*at lakes 
were tilled with ice, or, in other words, formed parts of those same 
glacier.-^. The entire absence of marine shells from the old glacial 
drift nf Switzerland, and of the Alps generally, is confirmatory of 
this theory, and against the doctr’ le of a marine submergence. The 
moraine-like arrangement of the boulders has also led the most ex- 
perienced Swiss and Italian geologists, who have of late years 
devoted much time anil talent to the study of this subject, to adopt 
the same hypothesis of land-glaciers. Among other writers I may 
mention MM. Studer, (ruyot, li^scher von der Liiith, Morlot, Gas- 
taldi, Gabriel dc Mortillet, Ornboni, and others. 

It has been staled that the boulder formation and all the attendant 
phenomena of striated and dome-shaped rocks and far-transported 

• * Agassiz, Etudes sur Ics Glaciers, and Systeme Glacicrc. 
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erratics become more and more conspicuous in proportion as we ex- 
tend our survey to higher latitudevS. We find, for example, a charac- 
teristic display of them in Norway, Sweden, and Denmark, the 
southern borders of the Baltic or Northern Germany, European 
Russia, and Finland. They are also observable in the mountainous 
regions of Scotland, Wales, and of the British Isles generally. But, 
besides tluj appearances already noticed, there occur here and there 
in the countries just alluded to, deposits of marine fossil shells, 
strictly belonging to the glacial period, which exhibit so arctic a 
cliaractcr that they must have led the geologist to infer the former 
• prevalence of a much colder climate, even had he not encountered 
so many accompanying signs of ice-action. The same marine shells 
demonstrate the submergence of large areas in Scandinavia and 
the British Isles, and other regions, during parts of the glacial 
epoch. 

A characteristic feature of the deposits under consideration in all 
these countries is the oc.currencc of large erratic blocks, and sometimes 
of moraine matter, in situations remote from lofty mountains, and 
s(*paralcd from the nearest points where the parent rocks appear at 
the surface by great intervening valleys, or arms of the sea. Such 
appearances require us to suppose important geographical changes 
of a (late subs(^qucnt to the drift. But even where the land docs 
not seem to have undergone much local alteration, such as would 
result from uph( 3 aval and subsidence, we often observe striae and 
furrows, ns in Norway, Sweden, and Scotland, which are not in 
strict accordance with the direction of any separate glaciers, which 
can he supposed to have ouce desceuded through existing valleys. 
IMany of tlie markings referred to deviate from the direction which 
th(‘y ought to follow if they had been connected with the present 
line of drainag(^ and they, tlicrefore, imply the prevalence of a very 
distinct condition of things at the time when the cold was most in- 
tense. Tin; actual state of the Continent of North Greenland seems 
to afi'onl the best explanation of such abnormal glacial mai-kings. 

Of that country a faithful description has been given to us by 
Rink, now governor of the Danish Settlements in Baffin’s Bay, who 
has, more than any other sciemtific traveller, explored both the coast 
and the intericu-.* The land, he says, may be divided into two 
r(*gions — the inland and the outskirts. The inland is 800 miles 
from west to east, and of much greater leugth from north to south. 
It is a vast unexplored couiineiit, buried under one continuous and 
colossal mass of ice that is always moving seaward, a very small part 
of it in an easterly direction, and all the rest westward, or towards 
Baffin’s Bay. All the minor ridges and valleys are levelled and con- 
cealed under a general covering of snow, but here and there some 
steep mountains protrude abruptly from the icy slope, jmd a few 
superficial lines of stones or moraines are visible at certain seasons, 
when no snow has fallen for many months, and when evaporation 

* Rink, Journal of Royal Geograph. Soc., vol. xxiii. p. 146., and Lycll, Au- 
ti(^uity of Man, p. 235. 
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promoted by the wind and sun, has caused much of the upper snow 
to disappear. After penetrating a great distance eastward in lat. 
72° N., Rink still saw lines of these stones in the extreme distance, 
indicating, he says, the existence of precipitous mountains, piercing 
through the snow still farther east. The height of this continent is 
unknown, but it must be very great, as the most elevated lands of 
the outskirts which are described as comparatively low, attain alti- 
tudes of 4000 !nid 6000 feet. Tlie icy slope gradually lowers itself 
towards the outskirts, and then terminates abruptly in a mass about 
2000 feet ill thickness, the great discharge of ice taking place through 
certain large friths which, at their upper ends, are usually about* 
lour miles across. Down these friths the ice is protruded in huge 
masses, several miles wide, which continue their course — grating 
along the rocky bottom like ordinary glaciers long after they have 
l eached the salt water. When at last they arrive at parts of Bailiirs 
Ray deep enough to buoy up icebergs from 1000 to 1.500 feet in 
vertical thickness, broken masses of them float off, carrying witli 
I hem on their surface not only fine mud and sand but largii stones. 
'Fhese fragments of rock, as I am informed by Dj*. Otto Torell, who 
has examined many of tlui bergs after they had run aground, are 
often iiolished and scored on one or more sides, and as the ice melts, 
they drop down to the bottom of the sea, where largo quantities of 
mud are deposited, and this muddy bottom is inhabited by many 
moll u sea. 

The oiitskirls, where the Danish colonists are settled, comprise an 
area of 30,000 square miles in extent, including many islands and 
jieninsulas, and some fiords from oO to 100 miles long, down which 
th^ ice passes, cither floating or sometimes, as already stated, in 
contact with the bottom. Rink counted twenty-two great ice-streams 
along the coast, which indicate the position of as many conceah'd val- 
l<*ys or straths, by which relief is given to the snow and ice annually 
accumulating in the interior. From the same points the ])rincipal 
glacii'i’s or rivers Avould issue if, at some future period, there should 
he a milder climate. But although the direction of the ice-streams 
in Greenland may coincide in the main with tlnit which separate 
glaciers w'ould lake if there were no more ice than there is now in 
the Swiss Alps, yet the striation of the surface of the rocks on an 
i(!e-clad coni incut would, on the whole, vary considerably in its 
minor details from that which wc ildbe imprinted on rocks constitut- 
ing a region of separate glaciers. For where there is a universal 
eov(*ring of ice there will be a general outward movement from the . 
higher and more central regions tow^ards the circumference and lower 
country, and this movement will be, to a certain extent, inde[)cndent 
of the minor inequalities of hill and valley, when these are all. re-, 
duced to on(i level by the snow. The moving ice may sometimes 
cross even at right angles deep narrow ravines, or the crests of 
buried ridges, on which last it may afterwards seem strange to de- 
tect glficial strife and polishing after the liquefaction of the' snow 
and ice lias taken place. 
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KiDk mentions that, in North Greenland, powerful springs of 
clayey water csca})e in winter from under the ice, where it descends 
to “ the outskirts,” and where, as already stated, it is often 2000 feet 
thick — a fact showing how much grinding action is going on upon the 
surface of the subjacent rocks. T also learn from Dr. Torell that 
there are large areas in the outskirts, now no longer covered with 
permanent snow or glaciers, which exhibit on their surface unmis- 
takable signs of ancient icc-action, so that, vast as is the power 
now exerted by ice in Greenland, it must once have operated on a 
still grander scale. The land, though now v ery elevated, may per- 
haps have been formerly much higher. This indeed, is more than 
probable, as, ever since the country has been known to the Danes, 
or for the last four centuries, the whole coast, from latitude 60 ° 
to about 70 ° N. has been sinking at the rate of several feet in a 
(jcntury. lly this means a surface of rock, well scored and polished 
by ice, is now slowly subsiding Ixmeath the sea, and is becoming 
strewed over as the icebergs melt, with impalpable mud and smoothed 
and scratched stones. 

When we con tern j)Jate, therefore, the effects wdiich are now in 
progress in Nortli Cireenland and on its shores, as well as in the bed of 
tli(* adjoining sea, under the influence of the ice, both of glaciers and 
floating bergs, combined with a vertical movement of the continent 
and floor of tire ocean, which is now one of subsidence, but which 
nmy at some future time be converted into one of upheaval, we are 
presented with a key to the interpretation of many distinct classes 
of glacial phenomena once regarded as most enigmatical. 

An account was given so long ago as the year 1822, by Scoresby, of 
icebergs seen by liim in the Arctic seas drifting along in latitudes 69” 
and 70” N., whieli rose above the surface from 100 to 200 feet, and 
some of whieli measured a mile in circumference. Many of them 
were loaded with beds of earth and rock, of such thickness that the 
weight was conjectured to be from 50,000 to 100,000 tons. A similar 
transportation of rocks is known to be in progress in the southern 
hemisphere, where boulders included in ice are far more frequent 
than in the north. One of these icebergs was encountered in 1839, 
ill mid-ocean, in the antarctic regions, many hundred miles from any 
known land, sailing northwards, with a large erratic block firmly 
frozen into it. In order to understand in what manner long and 
straight grooves may be cut by such agency, we must remember that 
these floating islands of ice have a singular steadiness of motion, in 
consequence of the larger portion of their bulk being sunk deep 
under water, so that they are not perceptibly moved by tlie winds 
and waves even in the strongest gales. Many had supposed that the 
magnitude commonly attributed to icebergs by unscientific naviga- 
tors was exaggerated, but now it appears that the popular estimate 
of their dimensions has rather fallen within than beyond the truth. 
Maiiy of them, carefully measured by the officers of the French explor- 
ing expedition of the Astrolabe, were between 100 and 225 feet high 
above water, and from two to live miles in length. Captain d’Urville 
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ascertained one of tliem which he saw floating in tho Southern 
Ocean to be 13 miles long and 1(X) feet high, with walls perfectly 
vertical. The submerged portions of such islands must, according 
to the weight of ice relatively to sea-water, be from six to eight times 
more considerable than the part which is visible, so that when they 
are once fairly set in motion, the mechanical force which they might 
exert against any obstacle standing in their way would bo prodi- 
gious.* A considerable proportion of these floating masses of ice is 
supposed not to be derived from terrestrial glaciers, but to be formed 
at the foot of cliffs by the drifting of snow from the land over the 
frozen surface of the sea, the snow by repeated melting and regela- 
tioii being in time convert(;d into ice. But most of the bergs of the 
Southern Ocean arc formed in the same way as the principal ones 
in Balfin’s Bay : for Dr. Hooker informs me that the ice of the 
Antarctic Continent, or Victoria Land, like that of Greenland, as 
described by Rink, is strewed over v/ith rocky fragments, there 
being always some bare precipices and mountain ))eaks protruding 
from the great wilderness of snow from which moraines may be de- 
rived. 'i'hcse moraines are carried down to the coast and then 
floated northwards on detached icebergs to great distances. 

We learn, therefore, from a study both of the arctic and antarctic 
regions, that a great extent of land may bo entirely covered through- 
out the whole year by snow and ice, from tho summits of the loftiest 
mountains to the s('a coast, and may yet send down angular erratics 
to the oc('au. Wo may also conclude that such land will become in 
the course of ag(*s almost everywhere scored and polished like the 
rocks which underlie a glacier. The disch:irg(‘, of ice into the sur- 
rounding sea will take place principally through the main valWs, 
although these arc hidden from our sight. Erratic blocks and mo- 
raine matter will be dispersed somewhat irregularly after reaching 
the sea, for not only will prevailing winds and marine currents 
govern the distribution of the drift, but the shape of the submerged 
area will have its influence ; inasmuch as floating ice, laden with 
stones, will pass freely through deep water while it Avill run aground 
where there are reefs and shallows. Some icebergs in Baflin’s Bay 
have been seen stranded on a bottom 1000 or even 1/500 feet deep. 
In the course of ages such a sca-bed may Ixicorne dcmsely covered 
with transported matter, from which some of the adjoining greatei- 
depths may be free. If, as iii ’Vest Greenland, the land is slowly 
sinking, a largo extent of the bottom of the ocean will consist of 
rock polished and striated by land-ice, and th(*n overspread by mud 
and boulders detached from melting bergs. But other large areas 
of the bed of the sea will also be marked by the repeated friction 
of masses of floating ice, so.ac of them S(5V(*ral miles in diameter, 
which, when they strand on a gently shelving reef, must grate along 
the bottom for some di.^tance before their cour.<e i.s arrested. The 
plasticity of ice, or its capability, by whatever theory explained, of 


T. L. Ilaycs, Bobton Journ. Nat. Hist., 184t. 
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moulding itself* suddenly into new forms under great pressure is so 
remarkable, that when enormous masses of it are floating, and moving 
at the rate of two or more miles an hour, they must, on arriving at 
a shelving floor of rock, adapt their forms to its surface, and often be 
forced with violence into any, cavities which the uneven bottom may 
present, llefore the momentum of so vast a volume of matter can be 
overcome, the ice, moving with what may bo called great velocity, 
when contrasted with the insensible progress of a glacier, must give 
rise to no small trituration of rock. This will be the more sure to 
lia])})6n, because the largest bergs, by their inequal rate of melting 
jtbovc and below water, are continually capsizing, the centre of 
gravity often shifting ; and by such changes the superficial moraines, 
often firmly frozen into the ice, arc carried down to form the base of 
the iccb(‘rg, and supply sand and stones for polishing and scoring the 
ocean’s floor. The submarine striae and grooves may ])o as uniform 
in their direction, and as parallel as those scooped out by glaciers in 
an inland valley ; for in the same tracts the floating ice-islands will 
annually tak(! the same cour.sa at corresponding sesisons of the year, 
being carried by similar winds and currents in the same direction. 
'JMi(‘ir vast size also must often tend to give an uniformity to their 
scoring action, over a space several miles in width. Could we ima- 
gine buildings such as St. Peter’s or St. Paul’s to be submerged, and 
an i<!eberg, several miles in diameter and two thousand feet in 
height, advancing with the velocity of two or three miles an hour to 
strike them, it is evident tliey must be thrown down as readily as 
were the stone walls of the peasants’ chalets in the early part of the 
])r(*sent century by the Giirner glacier above Zermatt. We may, 
tlierefore, fairly presume that whenever a submerged area which 
had once been traversed by floating and occasionally stranding 
icebergs is convert(*d into land by uy)heaval, it will display on 
its surface most of the characteristics which mark the former 
ugeiicy of glaciers on dry land. Ko sliarp pinnacles of rocks can be 
left standing, since they will all have been Avorn down and reduced 
to dome-shaped masses, Avhile scratches and long grooves will every- 
wlu're be left on rocky surfaces. Even till, or unstratified matter, 
nndi^tinguishable from ordinary moraines, will rarely b(‘ wanting. 

TJiose who have had op])ortunities of inspecting, in tlie sea off 
tlu! coast of Lalu’ador, packs of icebergs whicli have run aground in 
Avater Iniving soiiK.'tinics a depth of many hundred feet, describe 
lagoon- like expanses of .sea perfectly quiet, and free from all agita- 
ti(»n of the waves of the Atlantic. These areas of still Avater are 
Muroiinded on all sides l^y Lta'bcrgs from 100 to 300 feet high, fre- 
(pienlly containing moraine matter on their surface, or frozen into 
them. Such icy masses may remain aground for Aveeks or months, 
until they are reduced by melting to a size Avhich admits of their 
floating ofi‘ and resuming their Avaiideriiigs. The mud, sand, and 
boulders Avhich they let fall in still Avy,tcr must bo exactly like the 
moraines of terrestrial glaciers, devoid of stratification and organic 
remains. But occasionally, on the outer side of such packs of 
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stranded bergs, the waves and currents may cause the detached 
eai*thy and stony materials to be sorted according to size and weight 
before they reach the bottom, and to acquire a stratified arrange- 
meut. 

I have already alluded (p. 145.) to the large quantity of ice, con- 
taining great blocks of stone, which are sometimes seen floating far 
from land, in the southern or Antarctic seas. It is evident that sucli 
glacial drift, wherever it may happen to alight on the floor of the 
ocean, will have no connection with the external shape, or in4ernal 
composition, of the rocks on which it may chance to fall. After the 
emergence, therefore, of such a sub-mnrine area, the superficial 
detritus will have no necessary relation to the hills, valleys, and 
river-plains over which it will be scattered. Many a Avatcr-shed 
may intervene between the starting-point of each erratic or pebble 
and its final resting-place, and the only -means of discovering the 
country from which it took ita’ departure will consist in a careful 
comparison of its mineral or fossil contents with those of the parent 
rocks. 

It will be seen in the next chapter that throughout large ])arts of 
Scotland, Scandinavia, and other countries, the till and boulders are 
so. connected in mineral and lithological character with the structure 
of the hills and valleys belonging to the hydrographical basins over 
which they are strown, that they must have been produced by land- 
glaciers. although in the same regions drift of submarine origin 
occasionally met Avith. 
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CHAPTER XIL 

POST-PLIOCENE PEPIOD, CONTINUED. -GLACIAL EPOCH, 

• CONCLUDED. 

Glaciation of Scandinavia and Russia- Glaciation of Scotland — Marine shells in 
Scotch f'lacial drift — Their Arctic chanicter-- Rarity of organic remains in 
glacial deposits— Contorted strata in drift — Glaciation of Wales, Fingland, and 
Ireland — Marine shells of Mod Tryfaen — Norfolk drift — Glacial formations of 
North America- How far of submarine origin— Many species of tcstacca and 
quadrupeds survived the glacial cold — Connection of tlie predondnance of lakes 
with glacial action — Morainic lakes — Objections to the hypothesis of the erosion 
of large lake-basins by ice — Conversion of valleys of denudation into lakes by 
upward and dowinvard movements — Action of ice in preventing the silting-up 
of lakc-biisins — How the bed of a sea where icebergs have abounded may, on 
emerging, aHord lake-basins — General causes of ebange of climate — Sub- 
luorgeiicc of the Sahara in the Post-pIioccnc period a cause of Alpine cold — 
Meteorites in drift. 

Having in the last chapter described the permanent efFects which 
continental ice, glaciers and icebergs, irnfddnt on the surface, I shall 
now ])rocecd to describe some of the geological monuments of ice- 
actioii of more ancient date, or of the Post-pliocene period, observa- 
ble in Europe and North America. 

Glaciation of Scandinavia and Russia . — In large tracts of Norway 
and Sweden, wliere there have been no glaciers in historictil times, 
the signs of ice-action liave been traced as high as 60(X) feet above 
the level of the seji. These signs consist chiefly of polished and 
furrowed rock surfaces, of moraines Jind erratic blocks. Tlie direc- 
tion of the erratics, like that of the furrows, has usually l>ccn con- 
jbnnabhi to the course of the principal valleys ; but the lines of 
both sometimes radiate outwards in all directions from the highest 
land, in a manner wliich is only explicable by the hypothesis of a 
general envelope of continental ice, like that of Greenland, noticed 
ill the last chapter. Some of the far-transported blocks have been 
carried from the central ]nirts of Scandinavia towards the Polar 
regions; others southwards to Denmark; some south-westwards, to 
the coast of Norfolk in England ; others south-eastwards, to Ger- 
many, Poland, and Russia, and to these same countries small stones 
and finer matter liavo also been conveyed, evidently by the aid of 
floating icc. The southern and south-eastern limits of this drift 
have been well marked out by Sir Roderick 1. Murchison and 
his fellow-labourers, M. de Verneuil and Count Kcyserling, in a map 
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illustrating tboir great work on the geology of Russia ; and they 
have pointed out how tliis drift “ proceeded eccentrically from a 
common central region.” 

It appears from tlicir observations that the blocks, scattered over 
large districts of Russia and Poland, agree precisely in mineral 
character with rocks of the mountains of Lapland and Finland ; 
while the masses of gneiss, syenite, porphyry, and trap, strewed over 
the low sandy countries of Pomerania, Holstein, and Denmark, are 
identical in their composition with the mountains of Norway and 
Sweden. 

It is found to be a generfil rule in Russia, that the smaller blocks 
arc carried to greater distances from their point of departure than 
the larger; the distance being sometimes 800, and even 1000, miles 
from the nearest rocks from which they were broken olf; the di- 
rection having been from N.W. to S.E., or from the Scandinavian 
mountains over the seas and low lands to the south-east. That its 
accumulation throughout this area took place in part during the 
Post-pliocene period is proved by its superposition at several points 
to strata containing recent shells. Thus, for exami)le, in European 
Russia, Sir R. MurcJiison and his associates found in 18 10, that the 
flat country between St. Petersburg and Archangel, I'or a distance 
of 600 miles, consisted of horizontal strata, lull of shells similar to 
those now inhabiting the Arctic Sea, and on these rested the boulder 
formation, containing large erratics. 

In Sweden, in the immediate neighbourliood of LIpsala, I had ob- 
served, in 1834, a ridge of stratified sand and gravel, in the midst 
of which occurs a layer of marl, evidently formed originally at the 
bottom of the Daltic, by the slow growth of the mussel, cockle, and 
other marine sliells of living sj)ccies, intermixed w'itli some proper to 
fre.sh water. Tlie marine shells are all of dwarfish size, like those 
now inhabiting the brackish waters of tlie llaltic ; and the marl, in 
which myriads of them are embedded, is now raised more tlian 100 
feet above the level of the Gulf of Bothnia. Upon the top of this 
ridge repose several huge erratics, consisting of gneiss for the most 
part unrounded, from 9 to 16 feet in diameter, and which must have 
been brought into their present jmsitiori since the time when tln^ 
neighbouring gulf was already characterised by its j)(.*culiar fauna.* 
Here, tlicrcfore, we have proof that the transport of erratics con- 
tinued to take pliice, not mercl} when the sea was inhabited by the 
existing testacea, but when the north of Europe had already assumed 
that remarkable feature of its pliysical gcograpliy, which separates 
the Baltic from the North Sea, and causes the Gulf of Bothnia to 
have only one- fourth of tlie saltuess belonging to the ocean. In 
Denmark, also, recent shells have been found in stratified beds, 
closely associated with the boulder clay. 

It was stilted that in Russia the erratics diminished generally in 
•izc in proportion as they are traced farther from their source. The 
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£)anie observation holds true in regard to the average bulk of the 
Scandinavian boulders, when we pursue them southwards, from the 
south of Norway and Sweden through Denmark and Westphalia. 
This phenomenon is in perfect harmony with the theory of ice-islands 
floating in a sea of variable depth ; for the heavier erratics require 
icebergs of a larger size to buoy them up ; and, even when there arc 
no stones frozen in, more than seven-eighths, and often nine-tenths, 
of a mass of drift-ice is under water. The greater, therefore, the 
volume of the iceberg, the sooner would it impinge on some shallower 
l)art of the sea ; wliile the smaller and ligliicr floes, laden with finer 
•mud and gravel, may pass freely over the same banks, and be car- 
ried to mucdi greater distances. In those places, also, where in the 
course of centuries blocks have been carried southwards by cojist- 
iee, having been often stranded and again set afloat in the direction 
of a prevailing current, the blocks will diminish in size the farther 
they travel from their point of departure, for two reasons : first, 
because they will be repeatedly exposed to wear and tear by the 
action of the waves ; secondly, because the largest blocks arc seldom 
witliout divisional planes or “joints,” which cause them to sjdit 
wlien weathered. Hence, as often as they start on a fresh voyage, 
becoming Imoyant by coast-ice which has frozen on to them, one 
portion of the mass is detached from the rest. An examination 
whi(!h 1 made in 18o2 of several trains of huge erratics in lat. 42"" 
oiY N. in the United States, in Berkshire, on the western confines 
of jMassachusetts, has convinced me that this cause has been very 
influential hotli in reducing the size of erratics, aiirl in restoring 
angularity lo blocks wJiieli might otherwise ho rounded in proi)Ortion 
to their distance from their original starling-point. 

Glacialinn of Scoilaiid . — Professor Agassiz, after visiting Scot- 
land ill 1«S40, came to the opinion that tlie Grampians had been 
covered by a vast tliickness of ice, and bad oneo, like the Alps, been 
an independent centre, Avhence erratic blocks wiire dispiTsed in all 
directions. IMr. Kobert Cbaiiibers, in 1S4S, maintained in like man- 
ner tliat Scotland bad once been “ moulded in ice,” Avliich had 
everywhere smoothed and scratched the rocks, and ground them 
down so as to enlarge and Avideu many valleys. iMr. T. F. Jamieson, 
following up the same lin(3 of investigation in iSoS, adduced a great 
body of additional facts to prove that the Grampians once sent down 
glaciers from the central regions in all directions towards the sea. 

“ The glacial grooves,” he observed, “ radiate outAvards from the 
central heights loAvards all points of the compass, although they do 
not always strictly conform to the actual shape and contour of the 
minor valleys and ridges.” 

In many parts of Scotland, and conspicuously in the basin of the 
Forth, there is a form of hill to which Sir James Hall gave the 
name of “ Crag-and-tail.” Isolated ico-AVorn hills, or knolls, present 
polished faces to the west and north-Avest in the district alluded to, 
Avith rough declivities to the east ami south-east, or where the tail 
occurs. It is a common error, says Mr. Geikie, to suppose that this 
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“ tail ” consists merely of detritus, heaped up on the lee-side of each 
hill, for often it is composed in great part, like the west side or 
“ crag,” of solid rock, but usually with a considerable covering of 
boulder clay.* 

According to Mr. T. F. Jamieson, on extending our survey of 
Scotland we find many examples of such “ crag,” or natural escarp- 
ments, facing the inland country, or that from which we may 
suppose a mass of continental ice to have descended, whereas the 
“ tail ” or mound of sand, and boulders, occupies the seaward side. 
It has also been remarked in Scandinavia that abrupt protuberances 
and outstanding ridges of rock arc often polished and furrowed on- 
the side facing the region from which the erratics have come (usually 
on the north side in Norway) ; Avhile on the other, or “ lee-side,” 
such superficial markings are wanting. There is usually a collection 
on this lee-side of l)Oulders and gravel, or of large angular fragments. 
In explanation, we mjiy imagine that the north side was exposed, 
when still submerged, to the action of icebergs, and afterwards, 
when the land was rising, of coast-ice, which ran aground upon 
shoals, so that there would be gresit wear and tear on that ex|) 0 .sed 
side, whereas on the opposite or south slope, gravel .and boulders 
Blight accumulate in a sheltered position. 

The facts above alluded to, and other ch.aracteristics of the Scotch 
drift, led Mr. •lamieson to infer, first, that in the early part of the 
gl.acial period Scotl.and stood much higher than at prescuit, so that 
there was a general covering of snow and ice, which, as it slid down 
to lower levels, jxdished the subjacent rocks, and swept off from the 
surface most of the pre-existing alluvium, leaving in its place till 
and boulders in various parts. Secondly, that to this succeiided a 
period of depression and partial submergence, when the sea advanced 
and gradually covered the greater pjirt of the countiy, when floating 
ice abounded, and when some marine drift with arctic shells was 
dt‘posited. Thirdly, that the land re-(?m(*rged from the water, and, 
leaching a level somewhat abovi? its prc'sent heights, Ixicaine con- 
nected with the Continent of Europe, gl.aciers bedng foriiu'd once 
more in the higher regions, though the ice probably never re*- 
gained its former extension. f After .all these changes, there were 
some minor oscillations in the l(;vel of the laud, on which, although 
They have h.ad important geographical consequences, separating 
Indand from England, for example, and England from the continent, 
we need not he*re enlarge. 

iVIr. Geikie h.*is arrived at the s.ame general conclusions as Mr. 
dami(?son, with respect to the principal movements of the land in 
Scotland. The great mass of till, of which in some of the lower 
valh'vs the thickness exceeds 150 feet, he attributes not to icebergs, 
but to ice action on land, for it consists of the debris of rocks, every- 
where found in situ in the same hydrographical basin. The absence 


‘ Glacial Drift of Scotland ; Glasgow, p. 30. 
I Gcol. .Jourii., i860, vol. xvi. p. 370. 
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of marine shells is at once accounted for if we assume it to bo of 
glacier origin. The rarity of angular stones, those in the till being 
usually rounded or sub-angular, and the number of fragments 
polished and striated on one or several sides, may also be explained 
by supposing the till to have been shoved along under a heavy mass of 
ice, like that of Greenland, instead of forming parts of superficial mo- 
raines, carried down without trituration on the top of the ice. If, 
in accordance with the views above set forth, we admit a second 
glacial period, when the land was re-elcvatcd after the great sub- 
mergence, tlie action of ice at this later dji<‘i may well bo supposed 
•to have obliterated almost all signs of the sojourn of the sea upon 
the land in the highest regions, where the cold was most intense ; but 
in the lower country, some patches of marine strata with {irctic 
shells might more easily escape destruction. 

The greatest ludght to which marine shells have yet been traced in 
Scotch drift is only 524 feet above the level of the sea, at which eleva- 
tion they have been observed at Airdrie, fourteen miles south-east of 
Glasgow. At that spot tlie.y were fournl embedded in stratified clays 
with till above and below them. There appears no doubt that the 
overlying deposit was true glacial till, as some boulders of granite 
were observed in it, which must have come from distances of sixty 
miles at the least.* 


Fig. 129. 
Astarle bon al’S. 




Fir. 131. 

SiU icava t H»osa. 


Fig. 130. 
LnUt oblonga. 



Fig. 132. Fig. 133. Fig. 134. 

Pnfen nlandicus. Nntiru ciansn. Trophon clathratum 


NortluTii sliclls common In the drift of the Chde, in Scotland. 


The slu'lls here figured are only a few out of a largo assemblage 
of living species, which, taken as a whole, l>ear testimony to condi- 
tions far more arctic than those now ])revailing in the Scottish seas, 
lint a group of marine shells, indicating a still greater excess of cold, 
has been brought to light since 1860 by the Rev. Tliomas Rrown, 
from glacial drift or clay on the borders of the estuaries of the Forth 
and Tay. 'J'his clay occurs at Flic in Fife, and at Errol in Perth- 
shire ; and has already afforded about 35 shells, all of living species, 
and now inhabitants of arctic regions, such as Lcda truncata^ Tel- 
linnproxima (see figures, page 154.), Pcvtcn Grcenlnndicus^ Cvevella 
Imvigata, Gray, Crcnella nigrety Gray, and others, some of them first 


* Smith, of Jordan Hill, Geol. Quart. Journ., vol. vi. p. 387. 1850. 
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brought by Cnptiiin Sir E. Parry from the coast of Melville Island, 
latitude 76® N. ''riujse were all identified in 1863 by Dr. Torcll, 
Avho had just returned from a survey of the seas around Spitz- 
bergen, wliere lie Jiad collectc<i no less tlian 150 species of mollusca, 


rig. 135. Fig. i3f;. 



/ 1) nucn'a. 

a KxtiTiof )t li'lt valvo. 
tj. liiti-rior ul 


Tt'llinn jnminui. 

a, Oiitsiilrol li-lt v.ilvf* 

b. liitL-nur ol b.iuii*. 


living chiefly on a bottom of fine mud derived from the moraines of 
melting glaciers which there protrude into the sea. lie informed 
me that tin; fos.^il fauna of this Scotch glacial deposit exhibits not 
only the s|)i‘eies but aV>o the peculiar varieties of mollusca now cha- 
racteristic of very high latitudes. Their large size implies that they 
formerly enjoyed a colder, or, AvJiat was to them a more gcninl 
climate, than that now pre\ ailing in the latitude where they occur. 
jMarinc .>hi'lls liaAc also been found in the glacial drift of Cailliness 
and Aber(le^‘n^llirc at beiglds of 250 feet, and in Ihmff of 350 feet, 
and stratilied drift continuous Avith the above ascends to lunghts oi' 
500 feet. There are, likewise, otluT detiosils in Scotland very 
similar in character but dcAoid of shells inoF*e than 1000 feet high, 
resting on locks grooved and polislied by icc-aetion. The Avant of 
marine shells in these last has naturally inclined some geologists to 
suspect that they may have been deposited in ghieier lakes, and this 
opinion may be correct, although on this subject there is no small 
danger of drawing false conclusions from negative? evidence, so par- 
tially do organic remains occur in glacial formations even in thos(* 
ef indubitably marine origin. When the gravel and sand arc of a 
jiorous nature, wc can easily .account for the decomposition of the 
shells and their total disappearance in the course of thousands of 
year.s, but a large part of the Scotch till is so impervious to Avater 
that the ahsciice of fossil teslacea leads us rather to susjieet that it 
Avas originally the moraine of a tcrre.strial glacier, and, therefore, 
from the first devoid ofsliell.^. 

I formerly suggested that the Jih^enec of all signs of organic life 
in a great portion of this drift might he eonneeted Avith the severity 
of the cold, and also in some places Avith the depth of the sea during 
the period of extreme .submergence ; but my faith in such an hypo- 
thesis has been shaken by modern iiivtistigatioiis, an exuberance of 
life having been observed both in arctic and antarctic seas of great 
depth, and Avhere floating ice abounds. Thus, J)r. Hooker enume- 
rates cru.‘<ta(;ea, mollusca, serpulm,and other in vertebral a, at depths of 
200 and 400 fatliorns oif Victoria Land, between latitudes 71® and 
78® S., and animal life Avas trticed even to a depth of 550 fathoms ; 
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whilst MM. Torell and Cliydeniua in 1861 obtained molliisca, be- 
tween Spitzbergen and ^Norway, at the enormous depths of 1000 and 
1 500 fathoms, tJio temperature of the mud being between 32° and 
33° h'ahrenheit. 

Wc have seen that the scoring and polishing of the rocks in 
Scotland, as in Sweden and elsewhere, is not confined to the land, 
but is seen to pass under the sea, the same furrows being so continu- 
ous as to imply that glaciers or continental ice once acted on a sur- 
face? now submerged. Mr. Geikie observes that, on the west coast 
of Scotland, these glacial markings are almost always frcisher at and 
'below the present sea-level than at higher h.vols. In some places, 
even whore tin? ice-moulded rocks are washed by the waves of the 
sea, they retain their finer stria', and bosses of rock Oieir rounded 
and smootliod surfaces. Yet, at an elevation of 20 feet and upwards, 
tiio rounded outlines are broken, and all the exposed surfaces disin- 
tegrated by tlie water. In explanation of these peculiar app(iai‘anccs, 
he supposes, first, the sinking of land which had been polished and 
striated by eontiiuMiial ice in the manner before alluded to, page 144. ; 
s(;condly, a very recent date for the upheaval of the lowest 25 feet 
of tlic coast, a suggestion confirmed by the occurrence of a raised 
beach in wliieh the recient shells agree with those of the adjoining 
sea, and indicate a less glacial climate tliaii those of an older beacli 
found at a higher level, or about 40 feet above high-water mark. 
The up])er of the two beaches has suffered more from atmospheric 
action than tin? lower, and has evidently been exposed for a much 
loijg(‘r time. 

ijcsidcs the proofs afforded by shells at the heiglit of about 500 
feet, thcri' are also on the mountains of many parts of Scotland, as, 
for example, on the GraTni)ians, and on the Sidlaw and Pentlaud 
Hills, erratic blocks, at heights from 1000 to 2000 feet and upwards, 
so wholly unconnected with the mineral structure of the region wdiero 
they lie, that they seem to point to a former j)enod of submergence 
and floating ice. There is also aiiotlier curious phenomenon bearing 
oil tills subject which the late Hugh jMiller styled the striated 
“ pav(;ments of the boulder clay. Wliere [lorlioiis of the till have 
been removed by the .sea on the shores of the Forth, or in the in- 
terior by railway cuttings, the boulders embedded in what remains of 
the drift arc S(;en to have been all subjected to a process of abrasion 
and striatiou, the stri® and furrows being parallel and persistent 
across them all, exactly as if a glacier or iceberg had passed over 
thi'in and scored them in a manner similar to that which the solid 
rocks below the glacial drift have so often undergone. It is possible, 
as Mr. Geikie conjectures, that tliis second striatiou of the boulders 
may be referable to the second ora of drift or floating ice.^ 

Contorted Strata in Drift , — In Scotland the till is often covered 
with stratified gravel, sand, and clay, the beds of which arc some- 
times horizontal and sometimes contorted for a thickness of several 


* Geikie, ibid. p. 6S. 
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feet. Such contortions sire not uncommon in Forfarshire, where I 
observed tJiern, amoii" other places, in a vertical cutting made in 
1 840 near tlui left bank of the South Esk, east of the Bridge of 
Cortachie. The convolutions of the beds of fine and coarse sand, 
gravel, and loam, extend through a thickness of no less than 25 feet 
perpendicular, or from h to c, fig. 137., the horizontal stratification 
being resumed very abruptly at a short distance, as beyond g. 
The overlying coarse gravel and sand a, is in some places horizontal, 
in others it exhibits cross bedding, and docs not partake, of the dis- 
turbances which the strata 5, c, have undergone. The underlying 
till is exposed for a depth of about 20 feet; and we may infer from- 
sections in the neighbourhood that it is considerably thicker, and 
that it rests on the edges of highly inclined strata of old red sand- 
stone, as represented in the section. 


Fig. 137. 


Gravfl and .1- ; — - 

sand h ■ -- — ■ ~ — '• 



Section of contorted drift overlying till, seen on left bank of South Fsk, near Cortaehie, in Isio 
Height ol section seen, Irom a to c/, about Mi leci. 
a. Superficial sand, with some beds of co.irse gravel with cross bedding in p.irts— 4 feeu 
bfC Coiifc'rtcd Iv-dM 2.'i f(‘Ct in verliral height, b\ the sid>‘ ol which, in the k.iiui' coiiliniioiis 
section, are seen horizontal beds of stratified drift, bonieuf lliein with coarse gravel 
and large bonhlers. 

c,d. Uiiatratified red nil, with l.arge bould 'rs of granite, gneins, qinartzite, &e., 20 feet 

thick, (he red loam being derived “ triturated old red saiidsluiie. 

rf, r/'. Similar till eontinued, tllKknc^s unknown. 

i‘. Inclined strata of old red saiidsluiie, not laid open in this place. 


In some cases I liave seen fra; nients of stratified clays and sands, 
bent in like manner, in the middle of a great mass of till. Mr. 
Trimmer has suggested, in explanation of sucli plicuomeiia, the in- 
tercalation in the glacial period of large irregular masses of snow or 
ice between layers of sand and gravel. Some of the cliffs near 
Btdiring’s Straits, in wliieli lue remains of eh'phaiits occur, consist 
of ice mixed with mud and stones; and Middendorf describes the 
occurrence in Siberia of masses of ice, found at various depths from 
the surface after digging through drift. Wc are as yet unacquainted 
with the mode of operation by which such intermixtures of earthy 
mat ter and ice are commonly produced, but we may easily conceive 
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their occurrence in Siberia, where the rivers flow from south to north, 
so that tlie thaw begins in the country where tliey take their rise, 
while in the lower regions which they overflow their channels arc 
still choked up with ice and snow. In the arctic and antarctic 
regions also, the frozen surface of the sea at the base of lofty cliffs 
is sometimes seen to bo the receptacle first of mud and sand, washed 
down from the land when there is a thaw, and then, when the cold 
returns, of dense masses of snow drifted by the wind over the edge 
of the cliir. Ice-rafts, supporting such alternations of snow and of 
earthy and stony matter, have been seen floating from place to place 
in polar latitudes. Whenever the intcreahition of snow and ice 
with drift, whether stratified or unstratified, has taken place, the 
melting of the ice will cause such a failure of suppoT’t ns may give 
rise to flexures, and sometimes to the most complicated foldings. 

But in many cases the strata may have been bent and dei’anged 
by the mechanical pressure of an advancing glacier, or by the side- 
way thrust of huge islands of ice running aground against sand- 
banks ; in which case, the position of the beds forming the founda- 
tion of the banks may not be at all disturbed by the shock. Mr. 
Cieikie has described cxam])los, in the basin of tluj Clyde, of ex- 
tremely contorted beds of sand and clay, which he attributes to 
powerful pressure experienced under a glacier or mass of continental 
ice. 

It should also be borne in mind that laterjil pressure may be ex- 
crt(!d simyily by the weight of a heavy mass of materials thrown 
down on some adjoining area, to which jdiant beds of clay and sand 
may extend. When a railway embankment isMirown across a marsh 
or acroSvM tlic bed of a <lrained lake, we frequently find that the foun- 
dation, consisting of peat and shell-marl, or of quicksand and mini, 
gives way, and sinks as fast as the embankment is raised at the top. 
At the same, time, there is often seen at the distance of many yards, in 
some neighbouring part of tho morass, a squeezing up of pliant 
strata, the amount of upheaval depending on the volume and weight 
of materials heai)cd upou the embankment. In 18o2 I saw a re- 
markable instance of such a downward ami lateral jiressiire, in the 
suburbs of Boston (U. S.), near tho South (.k)ve. With a view of 
converting part of an estuary overflowed at high tides into dry land, 
they had thrown into it a vast load of stones and sand, upwards of 
S)00,0()0 cubic yards in volume. Under this weight the mud had 
sunk down many yards vertically. Meanwhile the ailjoining bottom 
of the estuary, supporting a dense growth of salt-water plants, only 
visible at low tide, liad been pushed gradually upward, in the course 
of many months, so as to project five or six feet above high-water 
mark. The upraised mass was bent into live or six anticlinal folds, 
and below the upper layer of turf, consisting of salt-marsh plants, 
mud was seen above the level of high tide, full of sea-shells, such as 
Mya arenaria^ Modiola jilkatula^ Sangninolnria fusca^ Nassa ohso^ 
leta, Nalica iriseriata^ and others. In some of these curved beds 
the layers of shells were quite vertical. The upraised area was 75 
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wide, and several hundred yards long. Wero an equal load, 
melted out of icebergs or coast-ice, thrown down on the floor of a 
sea, consisting of soft mud and sand, similar disturbances and contor- 
tions might rijuilt in some adjacent pliant strata, yet the underlying 
more solid rocks might remain undisturbed, and newer formations, 
])erfoctIy liorizontal, might be afterwards superimposed. 

Glacintinn of Walcs^ England^ and Ireland . — The mountains of 
North VVjilcs wore recognised, in 1842, by Dr. Buckland, as having 
been an indop(‘ndcnt centre of the dispersion of erratics, - great 
glaciers, long sinci; extinct, having radiated from the Snowdonian 
heights in (,'arnarvoushire, through seven principal valleys towards 
as many points of the compass, carrying with them large stony frag- 
ments, .and grooving the subjacent rocks in as many directions. 

Besides this evid(‘iice of laud gl.aciers, Mr. Trimmer luid pn'viouslv, 
in 1831, detected the signs of a great submergence in Wales in tin; 
Post-pliocene period. 11<* h.ad observed strati fled drift, from whicli 
he obtained about a dozen species of marine shells, near tin? summit 
of Mod Tryfaen, a hill 1400 feet high, on the south side f»f the 
Menai Straits. Although his obs(Tvations were afterwjirds con- 
tirmed by the late l^k Forbes, .and still later by Mr. Prestwich 
and Professor Ramsay, doubts .as to the nature and age of the 
deposit still ling(Ted in many minds. But on these subjects all 
doubt has at length been removed by aid of a long aful <Ieep cutting 
made tbrongli tlie drift in 1803 by the Alexandra Mining (’ornf)any 
in sc.arch of shit(*s. In this cutting :i. stratifual mass of iijcoherent 
sand and graved, 35 feet thick, was Laid o])en near the summit of 
Mod Tryfaen, eontaiiiFrig shells, some entire, but most of them in 
fr.agmeiits. In the summer of 18(53 I examined llio newly-opened 
section in company with the Rev. W. S. Syrnorids, and wo obtained 
20 sp(‘eies of slidls on tlic s])Ot, and found in tlie lowi'st beds of the 
drift large heavy boulders of far-tr.ansported rocks, glacially j)()Iislied 
and scratcln^l on more tli.an one side. IJnderneatli the whole w(‘ 
saw the edges of vertical slates exposed to view, wliidi here, like 
the rocks in other parts of Wales, some at greater and some at 
h^is elevations, exhibit, bcmeatli the drift, uno(]uivoeal marks of 
])rolonged gljiciation. Mr. R. I). Darbisliire, after a diligent s(‘ar<di 
in 18(53, formed a collection from this same drift of' Mod Tryfaen 
of no less than 54 specie’s of mollusca, besides tliree characteristic 
arctic varieties — in all 57 forn. . They belong wdthoiit exe(‘])ti()n 
to sju'ch’S still living in British or more northern seas; (d(*ven of 
them being exclusively .arctic, four common to the arctic and Briti?Ji 
>eas, and a large ])roportion of the remainder having a northward 
rang(’, or, if found at all in the southern seas of Jlritain, being coin- 
p.arativ(‘ly l(;ss abundant. 

Tlie wlioh; deposit b.as mucli the .appearance of .an accumulation 
in shallow water or on a beach, and it probably ac([iiircd its thick- 
ness during the gradual subsidence of the coast — .an liyi)othesis wliidi 
would require us to ascribe to it a high antiquity, since we must 
allow time, first for its sinking, and then for its re-clevation. As the 
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1,'iyor.s of shcll-bonring sand and gravel are so porous, we may natu- 
rally feel surprise that they have escaped decomposition. To account 
for this, Mr. Darbishire suggests that a bed of overlying clay, nearly 
two feet thick, may, by its impermeable nature, have prevented tin? 
fossils from being dissolved by the jHireolation oi* rain-water. 

The elevation reached by these fossil shells on Mod Tryfaon is no 
leas than lilGO feat — a most important fact when we consider that we 
have scarcely a well-authenticated ease as yet on record beyond the 
limits of Wales, whether in l^iirope or North America, of marine 
shells having been found in glacial drift :it half the height above 
.indicated. 

Mr. Darwin, after studying the Welsh glacial drift previously 
shown by Mr. Trimmer to have been of submarine origin, came to 
the opinion tliat the land, when it was re-upheaved to its present 
hciglit, was covered a second tim(% at least in the higher valleys, by 
glaciers which swept th(5 surface clean of all the rubbish left by the 
.sea. ^ 

Trnfessor Ramsay, also, in a “ Mennoir on the Welsh Glaciers,” in 
IS.jlf, announced his conviction that there had boon, first, an in- 
tensely cold period when tlic land was more elevated than now, then 
a subni(;rgenee beneath the s(;a, and la.stly, arc-elevation attended by 
a second period of glaciers. Although he had not boon able to trace 
marine shells in the drift to a level exceeding 1 300 fi'ot above the sea, 
In* estimated the jtrobable amount of submergence during some ])art 
of the glacial ])(‘riod at about 2300 ft'ct ; for ho was unable to dis- 
tinguish the suj)crficial sands and gravel which reached that high 
el(*vation from tluj drift which, at Moel Tryfaen and at lower points, 
e.ontains shells of living speries. 

The (!vidcnc(; of the marine origin of the highest drift is no doubt 
inconclusive in tlie absence of shells, so great is the rescrnhlanee of 
the gravel and sand of a sea beach and of a river’s bed, when organic 
remains arc wanting ; but, on tlie other liaiid, when we consider tlie 
general rarity of shells in drift which we know to be of marine 
origin, we cannot su|)po.sc that, in tim shelly sands of INIoel Tryfaert, 
we have hit upon the exact uppermost limit of marine depo.sition, 
or, in oth(*r word.s, a ])reeise measure of the siibmm'gence of the land 
beneath tlie s(\‘i during the glacial period. 

We ai*e gradually obtaining prools of the larger part of England 
north of a line drawn from the mouth of the 'J'hames to the Bristol 
(■hannel, havir)g bc'en under the .sea and traversed by floating ice 
since the corn men cement of the glacial epoch. Among recent ob- 
servations illustrative of this point, T may allude to the discovery, 
b}'" Mr. fl. F. Bat(*maii, near Blackpool, fifty miles from the sea, and 
at the height of 5(18 feet above its level, of till containing rounded 
and angular stones and marine shells, such as Tiirritclla commniiis, 
Purpura lapillus, Cardium ednle, and others, among which Tro- 
phon clathratam {^=Fusiis Jhimffius), though still surviving in 

* rhilosoi)hi(’al Magazine, scr. a., vol. xxi. p. 180. 

f Quart. Gcol. Juiirn., lsrj2, vol. viii. p. 372. 
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North British soas, indicates a cold climate. Drift of similar cha- 
racter covers a ]ar"(3 part of Ireland, although marine bIicIIs have 
not been detected in it at greater height than 600 feet, and very 
rarely higher than 500 ; but there can be no doubt that that island, 
like the greater part of England and Scotland, was for ages an 
archipelago traversed by floating ice. There was first a period 
when Ireland formed part of the continent of Europe, from whence it 
received tlie plants and animals now inhabiting it. In some part of 
this y)eriod its rocks were largely smoothed and striated by ice-acition 
in the more mountainous rtjgions. After this there was great sub- 
sidence;, and the conversion of the island into an archipelago, fol- 
lowed by a re-elevation of land and a second continental period, 
and, after all these changes, a final separation from England and 
Wales.* 

Norfolk Drift, — In England the monuments of the ])criod of sub- 
mergence can nowlu*re be so advantagoi-usly studied as in the cliffs 
of the Norfolk coast between Ilappisburgli and Cromer, Vertical 
sections, varying in height from t3() to 300 feet, are there exposed to 
view for a distance of about fifty miles, where I lie series of formations, 
beginning with the lowest, is as follows : — First, chalk, with flints 
in nearly horizontal strata ; secondly, Norwich Crng, or a marine 
tertiary formation of the Newer Pliocene era, which extends from 
Weybourne seven miles to Cromer, and then thins out ; thirdly, the 
forest bed, chiefly composed of vegetable niatt(;r, with scattered 
cones of the Scotch and spruce firs, and many other recent plants, and 
Avith bones of the elephant and of other extinct and living species 
of mammalia. In this forest bed the stumps of many trees stand 
(‘lect with their roots in an ancient soil. Fourthly, a fluvio-marin(‘ 
series, Avith abundant lignite beds, and Avitb alternations of frosh- 
Avnter and mariin; strata of sand and clay, the shells being all of 
r(‘cent species ; fifthly, firmly laminated blue clay Avithout fossils, on 
Avhich rests the boulder clay of the glacial period, from 20 to 80 
flict thick, Avith far- transported erratics, some of them polished and 
scratched ; sixthly, contorted drift; seventhly, su])crllcial gravel and 
sand. 

Ill the Norwich Crag above mentioned, which \vill lx; described in 
chap, xiii., there is a small mixture (about 12 per cent.) of extinct 
species of shells, but in the overlying formations, beginning Avith the 
forest bed, the species are identical with those now living, and it is 
remarkable that, while the plants in the for(;st bed and lignite are 
such as now exist in Europe, and arc nearly all of tlicm indigenous 
ill Great Britain, the mammalian fauna contains many conspicuous 
species Avliich no longer survive in any part of the globe. Among 
these last, as appears from tne rich collections of Messrs. Gunn and 
King, are no less than three sp<‘cics of elcpliant, namely, first, the 
inamnioth, E, primigenius ; secondly, the elephant first observed in 
the Val d’Arno, £. meridionaliSy Nesti ; and, thirdly, E. antiquusy 


See Anticiuity of Man, by tho Author, chap. xiv. 
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jii smaller numbers than the two former. These are accompanied 
by Rhinoceros etruscus (a species first obtained from beds of the 
same age near Florence), JIij)popotamus major^ the common pig, a 
species of horse and of bear, tlic common wolf, a bison, tlie large 
Irish deer, the reindeer, and other deer, the common beaver, besides 
a larger (ixtinct species, also the walrus, narwhal, and some others. 
They amount in all to about 20 species, of which rather more than 
half are extinct. 

It will be seen in the next chapter that the shells of some of the 
latest deposits of Norwich Crag show that gr(\*it cold ])re vailed in 
the llritish seas before the close of the N(‘wer Pliocene period ; 
when we speak, therefore, of the vegetation and quadrupeds of the 
(h’omer fore.st being pro-glacial, we merely mean that they preceded 
the era. of the general sulniiergence of the Ihitish Isles beneath the 
waters of the glacial sea. That they were aiiti^rior to tliat subinc*]- 
genee may be inferred from the superposition on the forest and 
lignite beds of the vast load of boulder-clay above alluded to, which 
contains far-transi)orted blocks, some of Scandinavian origin, and 
])robably noato(l fmiii the north wlmn Norway and Sweden were 
as much covered with icc as the modern continent of Greenland, 
(vther ]) 0 rti()ns of the till may have come from the north-west, as 
they comprise the wreck of the Cretaceous, Oolitic and older British 
formations. 

'Fbc flijvio-marinc sorhis affords distinct evidence of several alter- 
nations of fluviatile, marine, and fcrre>trial conditions. Besides the 
ioivst bed, for example, Professor Philips has observed at one j)oint 
a growth of land-plants in an (*rect position, at a higher level, and 
]\lr. King has found intercalated beds in which bivalve shells, such 
as Mipi Innicnfa, are so ])laced (*rect in the loam Avitli their sijdiun- 
cular ends uppermost, as to show, as unmi>takeably a.s docs the erect 
|)ositiori of the trees with their roots still fixc'd in their original soil, 
that they lived on the spot where they arc now entomhed. It was 
staled that upon the fluvio-mariiie formation rei)().^e Ijiininated clays 
witliont fossils, and these are followed by great masses of till or 
unstratified clay from 20 to 80 feet thick. Among the iiicludinl 
fragments of rock are sonic of granite, IIkj largest ot wliie.li .‘ire Iroiii 
6 to 8 feet in diiimetcr; also syenite, of Seaiidiuaviaii origin, and 
the "wreck f)f the Norwicli Crag, London Clay, chalk, oolite, and lias, 
with bould< rs of more ancient fossiliferous rocks. 

The clili'-sections above described show that in various parts of 
Norfolk and Suffolk several of the extinct as well as the living 
.^pecii^s of mammalia lived after the accumulation of the glacial till 
and boulders, as well :is before it. Tlio Rhphts primigenUts atfordft 
an example of one of these extinct species, and in many British lo- 
calities the Klepkos antiqnvs and Hippopotamus major oceiir in tlu; 
alluvium of valleys of later date than the marine boulder clay. 
Some of the valleys in question have been excavated througli lh(^ 
glacial drift after the latter had been upraised from the bed oi' 
the sea. 
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At ]Vrundcsley, in the Norfolk cliffs*, and at Iloxne, not only has sucli 
denudation taken place, but the hollows near Diss, in Suffolk, scooped 
out of the drift have been again filled up with freshwater strata, in 
oonie of which the remains of the elephant have been discovered.^ 

One of the formations of the Norfolk cliffs, above mentioned as 
overlving the till, has been called contorted drift, so freciuently are its 
beds of gravel, sand, and clay, bent and folded back upon themselves, 
in the same manner as parts of the Scotch drift, represented in fig. 137., 
p. 1.3(). In some cases these contortions extend for a height of 70 or 80 
feet, and they are coiled round isolated, masses of chalk, such as may 
have fallen in landslips from a porpendiciilar clilf on the surface (.d' 
a Irozen sea, or of an ice-island lirst driven by the winds and cur- 
rents again.st ast(‘ep coast, and then carried away again by a change 
of the wind until it grounded in a sea of sulficient depth to allow of 
the deposition of its earthy and stony burthen on the sj)()l where it 
melted on the bottom of the sea. The bent and disturbed beds often 
rest on strata of sand and clay, which are perfectly liorizontal. In 
those ]daees where the contortions are on the greatest scale, as at 
Shcrringhaiii for examjde, the chalk with flints at tlui base of llie 
elitls retains its hoii/ontality. and has evidently not participated in 
the sligbte>t degree in tlie violent movements to which the slratitii‘d 
drift and the liuge masses of chalk, traiisi>orted bodily from their 
original position, hear testimony. TJie probable causes of such 
partial derangement in the strata so peculiarly eliaraeleristic of the 
glacial period liave already been s])oken of (p. lo7.)* The sui;e(‘.>siM. 
depo.‘'i(s seen in direct superposilion on tin* Norfolk coast imply at 
iir^t the prevalence over a wi<le area of the Newer IMioccme sea. 
Afr(‘r\vards the hcnl of tliis sea was eonv(‘rted into dry land, and 
underwent several oscillations of level, so as to be lirsi land, sup- 
porting a forest, then an c^t^arv, then again land, and linally a mm 
jiear the inoutii of a river, till the downward movement became >o 
great as to convert the wIujIo area into a sea of (!onsidi*rablo depth, 
in which much floating ice carrying mud, sand, and houlders melted 
and let fall its burthen to the bottom. Finally, over tlic till, with 
boulders, stratified drift was formed, after which, hut not until tins 
total suhsid(.*iico had amounted to more than 400 feet, an upward 
riiovement began, which re-elevated the country, so tliat the lowest 
of the terrestrial formations, or the forest bed, was brought up to 
nearly its pristine level in ^.ich a manner as to Ini exf)osed at low 
tide, llotli the descending and ascending movements seem to have 
been very gradual. 

GLACIAL FORMATIONS IN NORTH AMERICA. 

In the western hemisphere, both in Canada and as far sontli as 
the 10th and even 38th parallel of latitude in the United States, we 
meet with a repetition of all the peculiarities which distinguish the 

• For a fuller account of these Norfolk deposits, sec Lycll, Antiquity of Man, 
chap. xii. 
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Kiiropesin boulder formation. Fragments of rock Jiave travelled for 
great distances, especially from north to south : the surface of the 
subjacent rock is smoothed, striated, and fluted ; unstratificd mud or 
till containing boulders is associated with strata of loam, sand, and 
clay, usually devoid of fossils. Where shells arc present, they arc? 
of species still living in northern seas, and half of them identic.*d 
with those already enumerated as belonging to European drift. The 
fauna also of the glacial epoch in North America is less rich in 
spi'cies than that now inhabiting the adjacent sea, whether in the 
Gulf of St. Lawrence, or off the shores uf Blaine, or in the Bay of 
* Massachusetts. 

The extension on the American continent of the range of erratics 
during the Post-pliocene period to lower latitudes than they reached 
in Europe, agrees well with the present soutliward deflection of th(‘ 
isothermal lines, or ratlier the lines of equal winter temperature. 
It seems that formerly, as now, a more extreme? climate and a moia* 
abundant supply of floating ic(3 prevailed on the western side of the 
Atlantic. 

Another resemblance? between the distribution of the drift fossils 
in J^mropo and North America has yet to be pointed out. In Canada 
and the United Stales, as in Norway, Sweden, Scotland, and Europe, 
g(*nerally, the, marine shells arc conlined to very moderate elevations 
above thcj sea (bctwc'en 100 and 700 feet), while the erratic blocks 
and the grooved and polished surfaces of rock extend to elevations 
of several thousand feet. 

I dcseribed in 1830 the fossil shells collected by Captain Baytield, 
fV<un strata of drift at Beauport, near Quebec, in hit. -17", and drew 
from tlunn the inference that th(*y indicated a more northern climate, 
the shells agreeing in great part with those of Uddevalla in Sweden.^' 
'riie shelly beds attain at Beauport and the neighbourhood a Indght 
of 200, 300, and sometimes 400 feet above the sea, and dispersed 


Fig. I3«. 
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Oiroiigh some of them aro large boulders of granite, which could not 
have been propelled by a violent current, because the accomi)anyijig 
fragile shells aro almost nil entire. They seem, therefore, said Captain 
Bayfield, writing in 1838, to have bei'n dropped down from melting 
ice, like similar stones which aro now annually deposited in the 


* Gcol Trans., 2»1 series, vol.vi. p. 1.S5. .similar conclusions ns to climate from the 
Mr. Suiitli of Jordan Hill bad arrind at shells of the Scotch glacial drift. 
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St. Lawrence.* I visited tin's locality in 1842, and made the annexed 
section, fig. 138., wliicli will give an idea of the general position of 
the drift in Canada and the linited States. I irnjigine tliat the wliole 
of the valley, B, was once filled up with the beds b, <?, d, e,f, which 
were deposited during a period of subsidence', and that subsequently 
the higlier country (//) was submerged and overspread with drift. 
The partial re excavation of B took place wdien this region was again 
uplilted above the sea to its present height. Among the twenty-three 
species of fos.sil shells collected by me from these beds at Beauport, 
all were of recent northern species ; the only supposed exc(*ption, 
Lftnrmtiatiu^ being now considered by good conchologifftb as* 
■I vari(‘ty of the British A. co7nprcssa (see fig. 139.). 1 also examined 


Fig. 139. 
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the same formation farther up the valh'y of tin* St. Lawrence, in the 
suburbs of Montreal, where .^onu' of tin? IhmIs of loam are tilled with 
great niimhors of the Mpt'dtts eduJis^ or onr common Knro]K‘an niiis>el, 
retaining both its valves and its purple colour. This shelly deposit, 
containing among other marine shells Sttjricava rurjosn, charact(‘ristic 
of th(i gljK'ier drift of S\ved(*n, also occurs at an elevated point on 
the iiioniifain of Montreal, 4o0 feet above tin* level of the sea.f 
In my account of Canada and the Unitcal States, j)ubli‘-hed in 
ISlo. I announced the conclusion to which 1 had tli(*n arrived, that 
to (‘xplaiii tin* position of erratics and tin* ])oli.sIi(Ml surfaces of rocks, 
and tlieir stria' and flutings, we must as'^unic* first a gradual snl>- 
mergi iic(i of the huid in North America, after it had ac([uired its 
pri*-«e?it oulliiu^ of liill and valley, elitf and ravim*, and then its 
re-einergencc from tlie ocean. In order to account for the universal 
glaeiatioii of the suH’ace of the solid rocks, on which the drift 
repixc'i in the neighbourhood of the great lak(‘s, and north and so\itii 
of the St. Lawrence, it seemc'l necessary to assume the action of 
irr* previous to all di'position of diift or traiisportatioji of erratics 
'i’he general direction of the furrows from north to south, for they 
rarely deviate more than KB or 20 ' to the east or west of the meridian, 
sc(;m(;d to favour the iilea of their being for the mo>t part dm* to 
tin* niimiiig aground of icebergs drifti?ig from arctic latitudes, 
'file absence in many regions as in the Niagara district, of bigli 
mountain chains, and the exten.'^ion of nndiniinish(*d ice action as far 
south as the 40th parallel, made me unwilling to api)eal, save in 
.some exc(*[)tioiuil cases, to land glaciers as ihe primiipal agents of 


Vrcioocilirgs of (Je'sl Sof.. Xo. ca p. 1 1'.i. 
f 'Fravuls lu N. Aiaciica, vol. ii. p. 141. 
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this ^liiciiition. T assumod, therefore, th.nt while the land was 
slowly sinking, the sea whicli bordered it was covered with islands 
of floating ice (ioniing from the north, whicli, a^ they grounded on 
llie coast and on shoals, pushed along such loose materials of sand 
and pebbles as lay strewed over the bottom. By this force all 
iinguhir and projecting points \rcrc broken off, and fragments of hard 
stone, frozen into tlie lower surface of the ice, scooped out grooves 
in the subjacent solid rock. The slojjiiig beach, as well as tlie floor 
of the ocean, might be polish(‘d and scored by this machinery, jiro- 
ducing such long, straight, and parallcd furrows, as are everywhere 
Visible in the Niagara district, and generally in the region nortli of 
the lOth parallel of latitude.* 

This hypoth(\sis of a slow and gradual subsidence of the land 
enables us to imagine tliat tlie polishing and grooving action may 
liavc been going on simultaneously with the transportation of the 
erratics. During tbo successive depression of hfgh land, varying 
oi igiiially in height from 1000 to 30(K) feet above tlie sea-level, every 
portion of the surface would be bronghi down by turns to the level of 
tiic ocean, so as to ho converted first into a coast-line, find then into 
a shoal ; and at length, after being wcdl scored by the stranding upon 
it year after y(‘ar of large masst's of coast-ice and occtisional icebergs, 
might he sunk ji (hipth of several hundred fathoms. By the con- 
stant depression of land, the coast would regi'de farther and farther 
from tlio successively formed zones of polished find striated rock, 
each outer zone becoming in it^ turn so dee]) under wfilor, as to be 
no l()ng(;r grated upon by the heaviest itjebergs. Sucli snnkon areas 
would then sim])ly serve; as ree(*ptaclcs of mud, saml, find boulders 
dropped from melting ice, perhaps to a depth scarcely, if at all, in- 
luibited by te.stacea and zoopliyles. j\r(*anv/liile, during the formation 
of tin; iinstrat ific<l ami iinfossiliferous mass in deep Wfit(;r, the 
sinootliing and fni rowing of shoals and bcJK'bos v/ould still go on 
elsewhere upon find near the coast in full activity. If at lenglli flu; 
subsidence should cease, and the direction of the movement of tlie 
ofirth’s crust b<; rev(;rsed, tlie sunken area covered witJi drift would 
be slowly reconverted into land. The boulder deposit, before 
emerging, would then for a time be bronglit witliin the action (d‘ 
the waves, tides, ami currents, so that its upper portion, bring 
partifilly denuded, would have its materials rearraiigcal and stratilied. 
Streams also flowing from the hind would in some places throw down 
layers of sediment upon tbo (ilf. In that case, the order of siiper- 
jiosition will ho, first and uppermost, sand, loam, and giavel occa- 
sionally fossiliferous ; secondly, an unstratitiod and iinfossiliferous 
mass cfilled tiflf for tlie most part of mucli older dsite than the pre- 
ceding, with angular erratics, or with boulders interspersed ; ami 
thirdly, beneath the whole, a surface of polished and furrowed rock. 

If we reflect on llie vast area over Avbich the dispersion of marine 
glacial drift is now in jirogress, we shall at once see that it must 

• Travels in N. Ainciica, vol. ii. chap. xix. p. 99. 
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equal, if it docs not greatly exceed, the space over wliicli glaciers 
and continental ice are moving. It would, tlierefore, liave been in 
the highest degree perplexing if wo had not met with proofs of 
submarine glaciation on a most extensive scale, including all the 
phenomena of polishing, scratching, furrowing, and rounding of 
rocky surfaces, and the transportation of en-atics and liner mate- 
rials ; seeing that there is so much evidence over^^where in Europe 
and Nortli America of the conversion of sea into land, as well as 
land into sea, since the commencement of the glacial epoch. 

Ihit nlthongh a large portion of the drift of North America has 
been due, like that of Euroi^e, to floating ice and a period of suh- ' 
mergence, tliat continent has also had its huid-ice, and its centi-es of 
dispersion of (*rratic blocks. The White Mountains of N('w Hamp- 
shire, lat. 44° N., the loftiest of which is more than GOOO feet high, 
may bo cit<*d as an example ; and the late Professor Hitchcock in- 
ferred that some of the highest hills in iM.i<«5achusetts once sent 
down their glaciers into the lower country. 1 have already men- 
tioned that in Europe several quadrupeds of living, as well as 
extinct, species were common to pre-glacial and post-glacial times. 
In like manner there is reason to suppose; that in North America 
much of tlie aiieicnt mammalian fauna, tog(*ther with nearly all the 
invertebrata, liv(*d through the ages of intense cold. 

Tlint in tin; United States the Mastodon (jujanfeas was very 
abiiiuhiiit after the drift period, is evident irom the fact that entire 
skeletons of tliis animal are met with in bogs and lacustrine deposits 
occupying Iiollows in the drift. 'J1iey somctirn(*s occur in the bottom 
even of small ponds recently drained by the agriculturist for the sake 
of tlie sbell-marl. I examined one of these spots at Geneseo, in the 
State of New York, from which the bones, skull, and tusk of a Mas- 
todon bad been procured in the marl below a layer of black peaty 
cartli, and ascertaiiii'd ‘tbat all llie associated Iresliwater and land 
shells were of a speedes now common in tlie same district. Tliey 
consisted of several species of Ltjmnca, of Planorbis hicurinatus, 
JVnjsa hetcrostroyha ^ &c. 

in 1845 no less than six skeletons of the same species of Mastodon 
were found in Warren county, New Jersey, six feet below the surface, 
by a larmer who was digging out the rich mud from a small pond 
which be bad drained. Five of these skeletons were lying together, 
and a large part of the bones crumbied to j)icces as soon as they were 
exposed to the air. But nearly the whole of the other skeleton, 
wliich lay about ten feet apart from the rest, was ])rcsei vcd enlin*, 
and proved the correctness of Cuvier’s conjecture respecting this 
extinct animal, namely, that it had twenty ribs like tlie living 
elephant. From the clay in the interior within the ribs, just where 
the contents of the stomach might naturally have been looked for, 
seven bushels of vegetable matter wore extracted. 1 submitted some 
of this matter to Mr. A. Henfrey of London for microscopic exami- 
nation, and he informs ino that it consists of pieces of small twigs 
of a conil'erous tree of the Cypress family, probably the young 
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f^lioots of the white cedfir, Thuja occidentalism still a native of North 
Aniorioii, on which therefore we iiiay conclude that this extinct 
Mastodon once fed. 

Another specimen of the same quadruped, the most complete and 
probably the largest ever found, was cxhnined in l84o in the town 
oi Newbnrg, New York, the length of I he skeleton being 25 feet, 
and its heiglit 12 feet. The anchylosing of the last two ribs on the 
right side allbrd(*d Dr. John C. Warren a true gauge for the space 
o(*cu})i(*d by the in ter vertebrate substance, so as to enable him to 
form a correct estimate of the entire length. 'I’lni tusks wdien disco- 
vered Avere 10 feet long, but a part only could be preserved. The 
hirge proportion of animal matter in the tusk, teeth, and bones of 
some of these fossil nmmmalia is truly astonishing. It amounts in 
some cases, as Dr. C. T. Jackson has ascertained by analysis, to 27 
I>er cent. ; so tliat Avhen all the earthy ingredients are rciinoved by 
acids, the form of the hone remains as perfect, and the mass of 
animal matter is almost as firm, as in a recent bone subjected to 
similar treatment. 

It would he rash, however, to infer from such data that these qua - 
di up(‘(l^ Avere mired in mndern limes, unless aa'c use that term strictlv 
in a geological sense. I have shown that there is a fliiviatile d(‘- 
po^^t in the vall(*y of the Niagara, containing shells of the genera 
Mvlaniam Lymnf(tm J^fcniorljis, Valvafay Ct/claSy [Jnio, I/elix, fkc., 
all of iH ceiit s]U‘eies, from Avhich the hones of the great MuvStodoii 
lia\(‘ been taken in a A’ery ])erfect stale. Yet the Avliole excavation 
(•{' tli(* rjiA ine, for many iiiih's beloAv tlic Falls, has been sloAvly 
(dfeeled cilice tliat fluvialile d(*posit was thrown down. 

\\'lieth(*r or not, in assigning a ])eriod of more than 30,000 years 
for tlie recession of tlie Falls from (iueenstoAvn to their pre.-^ent site, 

I have OAor or under estimated the tinui re(pjired for that. oj)eration, 
no om; can doubt that a vast nuinl)(*r of centuries must haA’c elapsed 
1)( fore so great a s(;ri(*s of geographical changes Avere brought about 
as liave occurred since the entombinejjt of this ehqdiantine quadruped. 
The IVesliAvater gravel Avhich (‘ncloses it is decidedly of much more 
modern origin than the drift or boulder-clay ol’ tlie same region.* 

Other ('xlinct animals accompany the Mastodon (jhjanfvus in the 
po^t-glacial deposits oJ' the United States, among Avhicli the Casio- 
roidrs ohfornsisy Foster and Wyman, a huge jod(*nt allied to th(‘ 
l>(*aver, and Capyhara may be mcmtioiKMl. But whetlier the “ loess,*’ 
and ollu*r fro-sliAvater and marine strata of the. Southern States, in 
Avhich skedetons of the same Mastodon arc mingled Avith the bones 
of the jMegatheriuni, IMylodon, and Megiilonyx, Avere coutenipora- 
iieous Avith the drift, or Avere of subsequent date, is a chronological 
que.sti()n still open to discussion. It appears clear, hoAve.vor, from 
Avhat Ave know of the ])lioc.cne and post-tertiary fossils of Europe^ 
and I believe, the same will hold true in North America, that nearly 
all, if not all, the species of testacea and most of the mammalia 

* Travels in N. America, vol. i. chap, ii., and Fririciplcs of Gcol., chap. xiv. 
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wliich existed prior to tlie "hicial epoch survived that era. Th(3 
tact is important, as refuting the hypothesis, for wliich some have 
contended, that lli(‘ cold of llie glacial period was so intense and 
universal as to annihilate all living creatures throughout the globe. 

That the cold was greater for a time than it is now in certain parts 
of Siberia, Europe, and North Americfi, will not be disputed ; but, 
before we can infer the universality of a colder climate, we must 
aseerlain what was the condition of other parts of the northern, and 
of the whole southm-n hemisphere, at the time wlum the Scandinavian, 
Hritish. and Al])ine erratics were trans])ortod into their present 
])()sition. Tt must not be forgotten that a great deposit of drift and' 
erratic blocks is now in full progress of formation in the southern 
hemisphere, in a zone corresponding in latitude to the Jlaltic, and to 
Northern Italy, Swilzerhind, France, and England. Should the un- 
even b('d of the south(‘rn oc(‘an be hereafter convertc^d by upheaval 
into land, the hills and valleys will be stn‘wed over with transport(‘d 
fragments, some derived from the antarctic continent, others from 
i.'lands covered with glaciers, like South (Jeorgia, which mu^tnowb(i 
centres of the dispersion of drift, although sitnatc'd in a latitude 
agreeing with that of the Chimberland Jiiountains in England. 

Not only are these 0 [>erations going on Ixdween thelotli and GOth 
])arallels of latitude south of the line, whih? tlui corresponding zone 
of Eur<ip(‘ is free* from ice ; but, what is still inor(‘ worthy of ivmark, 
we lind in the southern hemisi>liero its(*lf, only IKK) miles distant 
from South Cieorgia, wdiere tlie p(*rpetual snow reaches to the s(*a- 
beaeh, lands covered with 1‘orest, as in Tcura del Fnego. 'fhere is 
hen; no dilferenccj of latitude, to account lor the luxuriainai of 
vegetation in one >p()t, and the absolute \van( of it in the other ; btit 
among other refriger.iting causes in Soiitli (ieorgia may be emi- 
rnerared tin; countless ietdxTgs wliicii float from the antarctic zoiu'. 
and v.'hich chill, as tlicy melt, th(.‘ waters of the ocean, and tlie snr- 
ruurifling air, which they fill with denser fogs. The contrast of cli- 
mate and glacial conditions in cornvspoiifling zones of the northern 
and southern hemispheres, and even in corresponding latitiuh's on 
the same side of the equator, makes it higldy prohahlu that, the 
extreme of cold in the glacial ])eriod was not experienced simulta- 
neously in Nortli America and Europe. 

Counf.ction of the predominance of laltrs with glddal aetlon . — 
It has been truly remarked tlir*; lakes are \ery common in those 
coiiiitries where erratics, striated boulders, and rocjk surfaces, with 
other signs of glaciation abound ; and that tliey are comparatively 
rare in tropical and subtropical regions. When travelling over 
some of the lower lands in Sweden, far from mountains, as well as 
over the coast region of Maine in the Unit»'d Stales, and otlier 
districts in North America, 1 was mucli struck witli the innu- 
merable ponds and small lakes, of which counterparts are doserihed 
as equfdly charaettu-istic of Finland, Canada, and the TFiidson’s Hay 
Territories. I have never seen any similar form of the surface' 
Bouth of latitude 40'^ N. in the western, and 50° N. in the 
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oastcrn lieinispliere. The relation of a certain Tiumber of these 
sheets of water to tlie glacial period is obvious enough, for not 
a few of tlu*m an? d.-mirned up by barriers of unstratified drift, such 
as may have constituted tlie t<irininal and lateral moraines of glaciers, 
or may liave been tlirown down from melting icebergs when tlie 
country was still under water. To this class of lakes and ponds the 
term ‘‘ morainic ” has beiui applied. But 1 agree with Professor Kani- 
say. that the origin of many, even of th<*, moderate-sized depressions 
now filled with Avat(‘r, <*annot be so explained, because many of them 
have tlicir harri(M*s formed of soliil rock. 

With refenMicc* to cavities of large dimensions containing ^ater 
in mountainous n^gions, tiny liav(‘ l»eeu truly said to lie almost uni- 
versally in the course of valleys of ('rosion, Ixn’ng, like them, narrow 
in proportion to tlieir length. If many of them run in the lines 
of great rents and faults, traversing the older rocks, Ibis is n(> 
more tlum may lx; said of most of Ibe longitudinal and transverse 
valleys ol* every mountain chain. IHr. Jukes lias well observed tlmt 
lake-basins are by no means caused by rents gaping or widening in 
their liiglier extremities; and lie adds that where fissures have 
been examined l>y niim'rs in the interior of the earth, whether the 
rocks lia.v(‘ been shifted or not, they are usually only a few feet wide, 
and even when traced for more than 1000 f(;et in a vertical diiee- 
lion, they jiri'scrve a. reniarka.ble uniformity in width, Xor ar-* 
valleys and lake-liasins the r(*snlt of lh(‘ eirgulfment or the swallow- 
ing u]> in sulderraneaii abysses (d‘ masses once at or near the surface. 
Had this he(‘n the ea^c*, we slioiihl not find, as we now do, the saim; 
strata oftem eontinuons from side to side, at tlie up])er and lower 
ends of the lake. It is evident that the materials which once filled 
the basin have b(*(*n gradually removed, so that older formations are 
now exposed to view on the bottom. It may be said of the particu - 
lar masses of rock now constituting the sides of such cavities, as \vc 
may atlirm of valleys in general, that they were mjver neann* i“ach 
other than they are at present. Tin; only c|nestioii, then, to be dis- 
cussed is, whether the denuding cause was ice or running water — a 
glacier or a river. 

At the foot of ('very cataract wc sec' that the water has formed a 
deep circular pool. In like manner it is suggested that ice, descend- 
ing a precipice or steep slope, and rubbing olF sand and stones from 
th(‘ snrfatte of tin; same, may, when it reaclu's the bottom and presses 
on it with its whole weight, so grind down and wear away the rock, 
as to scoop out one of those cavities called tarns- But if we admit 
su(di a process as matter of speculation, we must at the same time 
Mijipose that afti'r it has worked out a cavity it loses all power tc.> 
extend the same, being vvJiolly unable to cut a gorge tlirongh the* 
liarrier forming tin? lower margin of the tarn at the point where the 
discharge of ice formerly took place, and where a stream now issues. 
This diminished force of erosion wherever the ice has to ascend a 
slope*, or to move horizontally, seems adverse to the hypothesis ad- 
vanced by Professor llamsay of the formation of lakes of considerable 
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Jen^th and doptli by ‘xlaciors. Yet the advocates of the origin of 
lakes by ice-action do not hesitate to appeal to the same causation to 
account for the largest Swiss and Italian lakes at the nortliern and 
southern foot of the Alps, such as those of Geneva, Como, and Lago 
;>daggioi*e, which vary from twenty to nearly fifty miles in length, and 
ill depth from oOO to 2000 f(‘et, and more. 

In speculating on such a mode of origin, we feel greatly the want 
of ])Ositive data, wliich might enable us to test the actual power of 
a glacier to seooj) cavities out of a floor of subjacent rock. It may, 
howe\or, be remarkcul, that where oi)|)or(unilies an; enjoyed of 
seeing part of a valley from whicli a glaeier has retreated in his- * 
torieal times, no basin-shajied hollows are cousjiiciious. Dome- 
shnjicd protuberances, tlie “ roclics nioutonnees*’ before described, 
are frequent ; but the conv(*rse of them, or cup and saucer-shajied 
cavities, are wanting. Kverywhero we behold jirools that the 
glacier, by the aid of sand and pebbles, can grind down, ])olish, and 
]>lane tin; bottom ; but it seems incapable of d'diig more, although 
the fundamental rocks must, in different jdaces, be of very uneijual 
liardiK'ss. It is also w<3U known that at certain points in the course 
of some of the principal glaciers ol the Alps, transvcrsi; rents in tlie 
ice, or crevices, several f(*et wide and of great niimher and depth, 
occur, which are referred by geologists to inequalities in tin’ ground 
Ix'low, over wliieh th(3 icy mass is |nished. In sueli instanei's, tliongh 
lh(‘ ice moves on and the old crevices close up, others of preei.'-idy 
the some form and dimensions are remewed cvc'iy year, emitiiry after 
century, in tlie same jihice, imjdying tliat even Avhere the declivity 
is very gr(‘at, and tlie ]>ropelling force from Ixdiind enormous, the 
ice (‘!innot saw through and get rid of the obstacles which iinpodo 
the freedom of its onward march. 

Wlnm we are endeavouring to form sound ojiinions as to the 
relation of tlie frequeiiey of lakc-hasins to an antecedent glacial 
])erioJ, WG must not forgot that sneh liasins, large and small, are 
met with in all latitudes, and that there are lacustrine dejiosits of all 
geological epochs, attesting the existence of lakes at times when no 
one is disposed to attribute them to the agency of ice. In Central 
France, for example, in the Miocem; and Focem; p(Tio<ls, there were 
lake^ ol’ considerable dim(;iisions when the climate, like that of the 
])rceeding Cretaceous era, was sub-tropical. It would, indeed, bo 
the most perplexing of all enigms if we did not find that lake- 
basins were now, and had been at all times, a normal feature in the 
yihysiognomy of the earth’s surface, since we know that uiaxpial 
inov(;nients of uj)heaval and subsidence are now in progress, and 
wen; going on at all former geological periods. 

It needs but little reflection c.i this subject to discover that, when 
such chaTiges of level arc in progress, some ol' the principal valleys can 
hardly fail to l)e converted in some parts of their course into lakes of 
considerable magnitude. To escape such a result we should have to 
assume that the greatest elevatory movement always conforms to the 
central axis of every chain, or, what would be atill more singular, 



171 


Cn. XII.] CONVERSION OF VALLEVS INTO LAKES. 

that it coincides in direction with every water-shed. Occasionally, 
1.0 doubt, there would be such a coincidence, and if so, the upheaval, 
instead of interfering with the drainage and damming back the 
rivers, Would, by increasing the fall of water, tend even to oblite- 
rate such lakes as pre-existed. But sometimes upheaval will be in 
excess in the lower part of the valley, and at other times (which 
would equally produce lake-basins) there would be an excess o*f 
subsidence in the liiglier region, the alluvial plains below sinking at 
a less rapid rate, or being, perhaps, stationary. 

When controverting, in 1863, in the lirst edition of my ‘‘Antiquity 
of ]\Tan ” (p. 316.), Professor Ramsay’s hypoiJiesis of the sco(T))iiig 
out by ice of long and deep cavities like tlioso containing the Swis^ 
and Italian lakes, I ])roj)osed to substitute; for his ice-agency the 
llitrory of unequal movements of upheaval and subsidence. I assumed 
that the Alpine region had beem (*xposed for countless ages to the 
action of rain and rivers from Older Pliocene if not from Upper 
J\lioc(‘no times, and 1 therefore inferred that the larger valleys, 
throughout the greater part of their depth and width, were of pre- 
glacial origin. Jf they were not so, it seemed to me that we .‘should 
be called uj)on to explain a more dillicult enigma than the origin of 
the lake-basins, namely, wliy the rivers bad been idle for a million 
years or more, leaving to glaci(;rs the task of doing in comparatively 
modern times the whole work of (‘xcavation. 

The Aljis are from 80 to 100 miles acro.'^s. ' J^et us su])posc a central 
depre.-sion in lliis cliaiii at the rate of .'j feet in a century, while tJie 
intcnsily of the iiiovcment gradually dimini.shes as it approaclu's the 
outskirts of the chain, till at length it dies out in the surroiiiuling 
lower region. After a long continuance of such a change of level, 
there wiil not only bo a le.'^sened fall of all the rivers, but the courses 
of many of them will, at various points, especially near the foot of 
the iijountains, be converted into Jakes. If, in tlic case of Wal(;s, we 
can d(MnoMStrate an upward movement of 1400 feet duidng a part of 
the glacial epocli, we may well suppose still greater alterations of 
level in tlie Alps, and agree with Charpeiitier that those mountains 
wlii(;h from a remote geological era have been the theatre of reite- 
rated u[»\vard and downward moveraeuis may have been at the 
time of the most intense cold, three thousand feet higher than they 
are now. They may also have been lowered again, as I have else- 
where suggested (“Antiquity of Man,” p. 321.), before the close of 
the Glacial epoch, and oscillations of such magnitude may W’cll 
liave been accompanied by such inequalities of movement as 
w'ould inevitably have turned some parts of the pre-existing 
valleys into the receptacles of vast bodies of ice, destined after- 
wards to bo converted into water. We know that in the earth- 
quake in the northern island of New Zealand, in January, 183t5, 
there w'as a permanent rise of land on the northern shores of Cook’s 
Strait to the extent of 9 feet vertically. On ouo side of Miiko- 
inuka Point, or immediately to the east, there w'as no movement, 
while on the other side, or to the westward, there was a gradual dimi- 
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iMition of tlie uplicaval from 9 feet to a few indies, until, at a distance 
of about 23 miles, no cliaii're of level was ])ereeptible. Simultaneously 
Avitli tills elevation of land, there was a sinking of the low coast to 
th(» amount of o feet in the middle island south of .Cook's Strait. The 
r('p(‘tition of such unequal moveiiKmts may, in a time g(‘ologically 
brief, turn parts of any valley into a lake. In Finmark an ancient 
wat(*r-level has been cai’efully measured along the borders of a fiord, 
rising gradually at the rate of 4 feet in a mile for 30 miles from south 
to north, until at one cxtreniity it attains an elevation of 13o feet 
above the other end, and this movement is of post-plioeeno date. 
Whenever the lower part of a fiord or valley is thus raised, or* 
wherever, in the upper ])ortion, subsidence is in like manner in 
< xcess, a lake-basin may result as above stated. If there be no ice, 
the formation of a lake will de()(‘iul on the relation of two force's : 
the rate at which the land is raised or sunk, and the rate at which 
the river can eh'posit seeliment in the new depression. Should the 
ino\oinent be Y(*ry slow, the river may fill the incipient cavity with 
nind, sand, and pebbles, as fast as it is formed, and having levelled 
it up may afterwards cut through the new stony barrier at the 
lower margin of the depressed ar(*a ; but if the capacity of the new 
basin incn*asi‘s at too great a rate, the river will only he able to 
encroach partially upon it hy forming a delta, at its higher extri'inity. 
If the chang(‘ tak(‘s jilaee in a glaeJal period, tin' thiekn(*ss of the 
ice will aiigiiK'nt from ec'iitiiry to century, not in cons(‘(pn*nce of 
erosion, hut simply larause the contour of the valley is bi'coming 
gradually more basin-shaped. Tlie nn'r*' oecnpancy, therefore, of 
cavities by ice, by preventing fluviatih* and laen.'^trino deposition, is 
one cause of the abiindaiice of lakes, which will (!onie into oxist- 
eiie(; wheiK'ver the climate chaiigt's and the ici‘ melts. 

Ill Switz(*rlaiul tliiu-e are lacustrine formations of the Post- 
jdioeene jieriod, which show that the LakiJ of Zurich, and some 
other Swiss lakes, wore formed bi'fore the ero'^ive ])ow(*r of ice liad 
b(*en exerted in that country (“Antiquity,” p. 314.). In Scotland, also, 
there is evidence that some of the main vall(*ys by which the drainage 
now takes place were in existence before the Glacial epoch. Put 
although most of the valleys of the Alps and some of the lakes 
were prc-glacial, there seems ground for suspecting that not a few of 
the valleys were converted into lake-basiiis during the long series 
of ages in which ice prevailed. Tri support of this view, many good 
obse rvers aflirni tliat below the present outlet of the great lakes in 
Switzerland and Italy, an ancient fiuviatihi alluvium may he seen, 
on which the moraines of the great glaciers which once traversed 
the lakes repose. Tin; pebbles in these old alluviums eomiiri.^se all 
those varieties of rocks wliicl belong to the iip|)er course of the 
valley above, or to tributary valleys in the same higher region. Tin' 
phenomenon here alluded to would be in perfect accordance with 
the theory that the rivers were once continuous, or not intercepted 
by lake-basins destined to be filled and traversed l»y glaciiu's. It is 
unnecessary to resort to jM. de Mortillct’s byiiothesis, that each basin 
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was first filled up witli alluvium sometimes above 2000 feet thick, aud 
that this was afterwards cl(;ared out by a glacier, for such removal 
would imply a capacity of erosion which we are not warranted to 
assume, and which, if granted, might have enabled the ancient 
glacier of the Khone to excavate the basin of the Lake of Geneva 
out of the miocono molasse. J)r. Falconer, Mr. Ball, and oth<*r 
writers, have pointed out that the form of severfil of tlie great Italian 
lakes, such as (]omo, Maggiore, and Garda, is by no means in harmony 
with the hypothesis that they have been hollowed out by great 
glaciers which once passed through them. 

• From the analogy of flowing water, we have reason to suspect 
that ice would move sIowct and exert less friction on the bottom 
in ])roportioii to the depth of Ihe cavity wliich it fills, for the 
motion of a glacier res<‘mbles that of a river — the upper strata 
moving faster than the lower ; and if there be a depth of 2600 
fc(*t, as in Lago IMaggiore, it is diffieult to concedve, when the 
principal discharge of ic(3 is almost entirely efieeted in the upper 
]nirt of the mass, that the movements at the bottom wouhl be 
suiUciently energetic to enable the ice to penetrate deeplj'^ into the 
rockh l)(‘low. A still more serious ohjt^ction to tluj ice-origin of 
lake-basins is dedueible from the ahscneo of such basins of the first 
magnitude in the plains of the Po at certain points where thogreat(‘st 
of the extinct glaciers once came down from the Alps, leaving tludr 
gigantic moraines in the h»w country. Of' this absence, the finest 
example occurs at Jvrea and south of it, where wc observe a moraine 
more than I.jOO feet high in its norMuun part, consisting of mud, 
.slon(‘s, aud large' erratic blocks, evidenlly brought down from- the 
two bigliest of thc^ Alj)s, Mont Blanc and Monte Kosa. This old 
moraine, wIumi it issue's from the mountains ami spre'ads over the 
])lains of tlie Po, re'poses on marine strata of tlie Pliocene age, so 
unconsolidated that the glacier might have scooj)ed out of it a deep 
cavity had moving ice ])oss(>sscd such an excavating power. 

Another example of the absence of a great lake where Ave ought to 
have found one, acee)reliug to the glacier-erosion hypothesis, occurs in 
a contiguous region on the other side of Turin, between that city and 
Susa, where the moraine of the Dora Riparia extends far and wide. 

If, in surveying a in on n tain -chain lengthwise or transversely, we 
observe a capricious distribution of lake-basins, we have no reason 
to feel surprise, so long as avo conceive the origin of the basins to be 
due to subterranean movements in the earth’s crust, for these may 
]){*. partial in their extent, or inayA^ary in their direction in a manner 
which has no relation to the course of the valleys. But if, rejecting 
the aid of changes of level, Ave invoke a superficial agency, like that 
of glaciers, Ave are then nitfudy at a loss to explain Avliy they should 
scoop out a liolloAV in one valley and perform no similar feat in an 
adjoining one. 

We have shown that rivers are doubly instruineuial in prevent- 
ing the formation of lake-basins ; first, by labouring incessantly to 
silt u]) an incipient cavity, and secondly, by deepening their chan- 



174 


CAirSKS OF CHANCE OF CLIMATE. 


[Cir. XII. 


lids, or onttin" out now ones through tlie rocks, which may have 
been slowly raided up so as to iiiierlere with the regular drainage. 
There is no an:ilogous agency at work at the bottom of the sea 
exce])t partially, where marine currents deriving sediment from 
wasting shores, or from rivers, deposit it at the bottom. With the 
4*xce])tion of such areas of submarine deposition, every partial sub- 
&l(lenc(3 will caus(3 a permanent depression, ready to become the 
r(‘cej)tade of fresh w’ater whenever the tract emerges or is turned 
into lanil. As to the extent of such lake-basins, we should have no 
light to wonder if they equalled in size Lakes Ph’io and Ontario, or 
even Lake* Siijierior itself, jirovidcd the lapse of geological lime hao 
been sulllcieutly protracted. But suppose the suhmerged area to 
h:i.ve been eonlinually traversed by huge icebergs like Baffin's Bay, 
tor thousands of years before it became p.art of the continent. In 
that case we should not only find on it a multitude of morainic lakes 
of various sizes, but ])robably many shallow saucer-like cavities worn 
in the bed of llie sea, out of rocks in situ, by the reiti'rated im- 
pinging upon them of huge masse.N of ice, moving (as bofon* d(\scribed, 
|). 147 .) in their lowest parts with a velocity of as many miles as 
even the upperino>t strata of a glaritT move inches. Th(‘ winds and 
currents might carry liundreds of such Ix'rgs during every century 
towards (he same tracts, and these might exert a great amount of 
friction on the floor of the ocean. The mud and sand fornuxl by the 
abrasion of rock, or any stones wdiicli might be frozen into the bottom 
of the iceberg, or driven into it when the mass impinged with gnait 
force on the bed of tlui sea, may Ix! removed as soon as tlie htTg, by 
melting in its upjier part, becomes lighter, and rising floats away. 
In this instance the conditions are more favourable, both for tritu- 
rating a rocky floor arid clearing out earth and stones from tlie 
new-formed cavity, than are conceivable iir the eii^e of a glacier de- 
scending a valley. 

C,n(Sf‘S of Change of Climate. — Submergence of the Sahara , — I 
endeavoiireil in 1830 , in the “ Triueiples of Geology,” chapters 
vii. and viii., to p(»iiit out the intimate connection of climate with 
the state of the phy^ical geography of the globe existing at any 
given period. If, for example,' at certain periods of tlie jiiist, the 
antaicLic land was less elevated and less exten&ive than now, while 
tliat at the north pole wa^ higher and more continuous, the 
conditions of the northern and southern hemispheres might have 
been to a great extent the reverse of wdiat we now witness in 
r(‘gard to climate. But if in both of the polar regions a consider- 
able an*a of elevated dry land existed, such a concurrence of re- 
frigerating conditions in both hemisjiheres might have created for 
a time an intensity of cold iicer experienced since. Some geolo- 
gists have obj('eted that tlie cold of the glacial period was so general 
throngliont the polar and temperate regions on both sid<*s of the 
equator, that mere local changes in the external configuration of onr 
planet cannot he imagined to alfurd an adetpjate cause for a revolu- 
tion in temperature of so modern a date. But the more we cqiin^mre 
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the state of the earth’s surface in pliocene, post-pliocene, and recent 
times, the more evidence do wo obtain of upward and downward 
jnovernent on such a scale as to convince us that in ditferent parts 
of the periods in question a map of the world would no more re- 
semble our prese.nt maps than Europe now resembles America or 
Africa. A careful study of the distribution of the living species of 
animals and plants in tertiary and recent times, leads to similar con- 
clusions as to the vastness of the changes which the physical geogra- 
phy of the globe has undergone, so that the theory in question cannot 
be impugned on the score of a want of universality in the movements 

• of tlic earth’s crust. 

The clianges alluded to in the “Principles of Geology ” as capable 
of affecting the climates of the globe at successive geological [)eriods, 
consisted chiefly of the conversion of sea into land and land into sea, 
llie increased or diminished height of mountain chains and conti- 
nents, and tlio ])reponderance of land and water in high and low 
latitudes, together with the new direction given to the princi[)al 
currents of the ocean, such as the Gulf-stream. Put although 1 did 
not omit to mention tlie vast heat which is carried by tlie winds 
from the. great d(‘sert of Africa to those parts of Europe which lie 
immediately north of it, I was not able to avail myself of a geo- 
graphical fact since ascertained by geologists respecting the Sahara, 
iiaiiu'ly, that this desert must have formed part of the sea when the 
cold of the glacial epoch was at its height. . Ritter had suggested in 
1817, that the African desert had been under water at a very modern 
period, and M. Kseber von der Linth gave it as his opinion in 1852, 
that if this submergence were true, it would explain why the Alpine 
glaciers had attained in the Post-pliocene period those colossal dimen- 
sions which Venclz and Charpentier, ri‘asoning on geological data, 
first assigned to them. Since this hint was thrown out by the distin- 
guished Swiss geologists, Messrs. Laurent and Tristram, and in 18(33 
M. Eseher himself, togetlier with MM. Desor and Martins, have 
I'ound marine shells, especially the common cockle, Cardium edule^ 
scattered far and wide, from west to east, over the desert, while 
the ^hells of these and other living species have also beeu found 
ill boriug Artesian wells, at the depth of many ftict below the sur- 
face. 

The space now occupied by the Sahara, instead of forming a tract 
of parched and burning sand, from which the south wind or sirocco 
now derives its scorching heat and dryness, constituted lormerly a 
wide marine are.a, stretching several hundred miles north and south 

• and east and west. From this area the south wind must formerly 
have absorbed moisture, and must have been still fartber cooled and 
saturated with aqueous vapour as it passed over the Mediterranean. 
When at length it reached the Alps, and, striking them, was driven 
into the liigher and more rarefied regions of the atmosphere, it 
would part with its watery burden in the form of siiow, so that the 
.<ame auial current which under the name of the Foiui or Sirocco 
now i)lays a leading part with its hot and dry breath, sometimes even 
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ill tlio clo|)tliof wiiittii*, in incltin*' tlio snow and checking the growth 
of gln(!iL*rs, must, at the ])(?riod alluded to, have been the principal 
feeder of Alpiius snow and ice. 


METEOiilTES IN DRIFT. 

As my account of the glacial p<Tiod has led me to speak at some 
lengtii of post-pliocene drifi, I may take tliis ()p|)ortunity of referring 
to the (lif'Covery of a meteoric stone at a great depth in the allu- 
\ iimi of Northern Asia. 

Kciinut, in his Archives of Russia for 1841 (p. 314.), cit(‘s a very^ 
c!rcuinstanli:jl aeeount drawn up by a Russian miner of the finding 
of a innss of met.(‘oric iron in the auriferous alluvium of the Altai. 
Some small fragmenls of native iron were lirst met with in the gold- 
wjishings of Tetroptiwlowskm' in the jMrassker CircliJ ; but though 
iIk'v allnicted attention, it was sup|)Oscd that they must have been 
broken oil’ from tin* tools of the workmen. At length, at ilie depth 
of ill feet d inehes from the surface, tiny dug out a piece of iron 
weighing ITi- pounds, of a steel-grey colour, somewhat harder than 
ordinary iron, and, on aiuilysiug it, found it to consist of native iron, 
with a small proportion of nickel, as usual in metiioric stones. It 
was buried in the boltoni of the deposit wlnu'c the gravel rested on 
a daggy limestone. IMueli brown iron ore, as well as gold, occurs in 
tliv* .saiiu! gravel, wliicli a^jpears to b(‘ part of that (‘xtmisivc auriferous 
ibrniatiou in which the bones of tlie mammoth, the Uhittneeros 
tfr/ior/iinuSf and other extinct cpiadrujjods abound. No suilieient 
data arc suppliml to enable to determine whether it be of Post- 
pliocenc or Newer Pliocene date. 

We ought not, I think, to feel surpriNC that wo have not hitherto 
succee(lcd in deteeting tin; signs of sueh aerolites in older rocks ; 
for, besides tlieir rarity in our own days, tliosc whicli fell into tlie 
^ea (and it is w'irli marine strata that ge.olugists bav(^ U'^nally to 
deal), being cliietly composed of native iron, wouhl rapidly enter 
into new chemical eombinaiioiis, the water and mud being chargiMl 
with chlorid(i of sodium and other salts. We lind that ancliors, 
cannon, and other cast-iron implemmits which have been buried for 
a few liuiidred years olf our Englisli coast luive decomposed in part 
or ontindy, turning the sand and gr.avel Avbi(4i enclosed them into a 
conglomerate, cemented together by oxide of iron. In like mtinner 
met(‘oric iron, all bough its rusting w ould he somewhat cheeked by 
the alloy of nickel, could scarcely ever fail to decompose in the 
course of tliousaiids of years, becoming oxid<‘, sulpburet or carbonah'^ 
of iron, and its origin being thcui no longcn* distingni>liahle. TIu*, 
greater the an!i{|uity of rocks — tin* oftimer they have been Jieated 
and c(K)led, jiermeated by gases or by the waters of the sea, the 
atmosphere or min(*ral springs — the smaller must be the chanee of 
meeting with a mass of native iron unaltered ; but the preservation 
of the aneient mc'teoritc of the Altai, and the presence of nickel in 
these, curious bodi(*s, renders the recognition of them in deposits of 
remote periods Icsi hopcle.'-s than we might have anticipated. 
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CHAPTER XIII. 

CLASSIFICATION OF TERTIARY FORMATIONS. — PLIOCENE PERIOD. 

f )r(lcr of sgAcession of sedimentary formations — Imperfection of the Tccord — 
Defectiveness and obscurity of the monuments greater in proportion to their 
antiquity — Reasons for studying the newer groups first — General principles of 
classification of tertiary strata — Detached formations scattered over Europe — 
Strata of Paris and London — More modern groups — Peculiar diiiteultics in 
determining the chronology of tertiary formations — Increasing proportion of 
living species of shells in strata of newer origin — Eocene, Miocene, and Pliocene 
terms explained — Formations of the Newer Pliocene period — Island of Ischia — 
Eastern base of Mount Etna- — Newer Pliocene strata of great height and extent 
ill Sicily- - Formations of same age in the Upper Val d’Arno — Norwich Crag — 
Chillesford beds Rridlington Beds — Older Pliocene strata — Red Crag of 
Suttblk — White or coralline Crag - Successive refrigeration of climate proved 
by the pliocene shells of Sulfolk and Norfolk — Antwerp Crag — Subapennine 
strata — Aralo-Caspian formations. 

Tpe post- tort icTry formations, comprising the Post-pliocene and 
lv(*ci‘iri, having 1 kh‘ii described in the last throe chapters, I have 
now to give an account of the strata cnlled tertiary and the several 
gron])s into which they have been subdivided. 

Tlic anncx(*d diagram wnll show the order and superposition of 
th(* principal sets of fussilifcrons deposits enumerated in the table, 
page 101., assuming them all to be visible in one continuous section. 


Iitf. 140. 



In nature, as before hinted, page 98., we have never an opportunity 
of seeing the whole of tliem so displayed in a single region ; 
iirst, because sedimentary deposition is couliiied, during any ono 
geological period, to limited areas ; and secondly, because strata, 
after they have been formed, are liable to be utterly annihilated over 
wide areas by denudation. But wherever certain members of the 
series are present, they overlie one another in the order indicated in 

N • 
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the diagnim, though Jiot always in the exact manner there repre- 
sented, becjiuse some of them repose occasionally in unconformable 
stratification on others. This mode of superjmsition lias been al- 
ready explained at page 59. Where it occurs it is almost invariably 
accom])anied by a great dissimilarity in the species of organic re- 
mains of the sets of strata next in succession, the discordance imply- 
ing a considerable lapse of time which intervened between the two 
formations in juxtaposition. During the ages which elapsed, and 
of which no records have been handed down to us in <he area in 
question, we may suppose a gradual change to have been going on 
in the state of the animal creation, and the same interval allowed, 
time for a great amount of movement and dislocation to have bemi 
brought about in the earth’s crust, so that the strata previously ex- 
isting in the region alluded to had been much disturbed and their 
edges exposed to aqueous denudation before the more modern set 
were thrown down upon them. 

Where the widest gaps appear in the scquince of organic remains, 
as between the I’ermian and Triassic rocks, or between the Creta- 
ceous and Eocene, examph's of such uncoiiforinability are very fn;- 
quent. But they are also met with in some part or otluT of the 
world at the junction of almost all the other princijial formations, 
and sometimes the subordinate divisions of any one of the leading 
groups may be found lying uncon formably on another subordinate 
member of the same — the Upper, for example, on the Lower Silin-ian, 
or the superior division of the Old IJed Sandstone on a lower mem- 
ber of the same, and so forth. Instances of such irr(‘gularitie8 in the 
mode of succession of the strata next in contact are tin; more intelli- 
gible the more we extmid our survey of the Ibssiliferous formations, 
for we are continually bringing to light deposits of intermediate 
date, whi(;h have to be intercalated betweem those j)reviously known, 
and wdiich reveal to us a long siudes of events, of which antecedently 
to such discoveries we had no knowledge. 

But while unconformability invariably bears testimony to a lapse 
of unrepresented time, the conforinability of two sets of strata in 
contact by no means irnpli(;s that the newer formation immediately 
succeeded the older one. It simjdy implies that the aneiciit rocks 
were subjected to no movements of such a nature as to tilt, bend, or 
break them before the more modern formation w«as suporiinpos(‘d. 
It does not show that the earth’s crust was motionless in the region 
in question, for there may have been a gradual sinking or rising, 
<*xteriding uniformly over a large surfact*, and yet, during such 
movement, the stratified rocks may have retained their original 
horizontality of position. There may have been a conversion of a 
wide area from sea into land ard from land into sea, and during ibcsti 
changes of hwel some strata may have been slowly removed by 
aqu(joiis action, and after this new stjata may be superimposed, 
differing perhai)S in date by tliousands of years or centuries, and yet 
resting conformably on the older set. There may even be a blend- 
ing of the materials constituting the older deposit with those of the 
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newer, so as to give rise to a passage in tlm mineral character of the 
one rock into tlici otlier as if there had been no break or interruption 
in the chipositing process. 

Although by the frequent discovery of new sets of intermediate 
strata the transition from one type of organic remains to another is be- 
coming less and less abrupt, yet the entire series of records appears 
to tin; geologists now living far more fragmentary and defective than 
it se(*med to their predecessors half a century ago. The earlier en- 
quirers, as often as they encountered a break in the regular sequence 
of forinations, connected it theoretically with n sudden and violent 
cfataslrophe, whi(di had put an end to the regular course of events 
that had been going on uninterruptedly for ages, annihilating at the 
same time all or nearly all the organic beings which had previously 
flourished, after which, order being re-established, a new series of 
events was initiated.. In pro])ortion as our faith in these views 
grows weaker, and the phenmnena of the organic and inorganic 
world presented to us by geology seem exj dicable on the hypothesis 
of gradual and insensible changes, varied only by minor convulsion.'-, 
such as liav(‘ been Avitiiesscd in historical times ; and in pro])orti()ii 
as it is tliouglit possible that former fliietuations in the organic 
world may be due to the indefinite modifiability of s|)ecies without 
the necessity of assuming new and independent acts of creation, 
the number and magnitudci of tlie gaps which still remain, or the 
extrciine imperfection of the n'cord, become more and monj striking, 
and what we possess of tlie ancient annals of the earth’s history 
appears as nothing when contrasted with that which has been 
lost. 

AVlien we examine a larg(j area such as Europe, th(^ average as 
well as the extreme height above the sea attained by the older for- 
mations is usually found to exceed that reached by the more modern 
ones, the iiriiuary or paleozoic rising higher than the secondary, and 
these ill thijir turn than the t(*rtiary, while in reference to the tliree 
divisions of the tiutiary, the lowest or Eocene group attains a 
liigher summit level than the Miocene, and these again a greater 
heiglit than the riioceiic formations. Lastly, the post-tertiary de- 
posits, sueh, at least, as are of marine origin, arc most commonly re- 
stricted to much more moderate elevations above the sea-level than 
the tertiary strata. 

It is also observed that strata, in proportion as they are of newer 
dat(?, bear the nearest resemblance in mineral character to those? 
which arc now in the progress of formation in seas or lakes, the 
newest of all consisting principally of soft mud or loose sand, in 
some places full of shells, corals, and other organic bodies, animal or 
vegetable, in others wliolly devoid of such remains. The farther we 
ifcede from the present time, and tlie higlier the antiquity of the 
fi)rinations which we examine, the greater are the changes which tlie 
sedimentary deposits have undergone. Masses, for example, which 
were originally soft and yielding have been condensed by pressure, 
others whicli \xere incoherent have been solidified by the infiltration 
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of mineral matter Avhicli has cemented together their separate parts; 
others have been modified by heat, traversed by shrinkage cracks, 
and partially crystallised, or the strata have been fractured during 
earthquakes, or bent and contorted by lateral pressure, or thrown 
into a vertical position, or even overturned so that the original 
order of suf>erposition has been inverted, and the beds which were 
at first the lowest have become the uppermost. 

The organic remains also have sometimes been obliterated entirely, 
or the mineral matter of which they were composed has been removed 
and re})lacc*d by other substances, as when calcareous fossils have 
been silicified. 

We likewise observe that the older the rocks the more widely do 
their organic remains d(‘part from the types of the living creation. 
First, we find in the newer tertiary rocks a few species which no 
longer exist, mixed with many living ones, and th(*n, as we go 
farther back, many geriera and families at presemt unknown make 
their appearance, until we como to strata in which the fossil relics 
of existing species are nowhere to be detected, exe^-pt a few of the 
lowest forms of invertebrata, while some orders of animals and plants 
wholly unrepresented in the living world begin to be conspicuous. 

When we study, therefore, tlu^ geological records of the earth and 
its inhabitants, we lind, as in human history, tlie defer tiv(‘ness and 
obscurity of the Tnonuments always increasing the remoter the era 
to which we refer. The difliculty of ctet(‘rmining the true ehrono- 
logical relations of rocks is also more and more enhanced, esp(‘cially 
when we are comparing those which were formed simultaneously in 
very distant regions of the globe. Hence we advance with securer 
steps w'hen we begin with the study of the geological ri‘Cords of 
later times, proceeding from the newer to the older, or from the 
more to the less known. 

In thus inverting what might at first seem to be the more natural 
order of historical researcli, we must bear in mind that eatdi of the 
periods above enumerated, even the shortest, such as the Post-tertiary, 
or the Pliocene, Miocene, or Eocene, embrace a succession of events 
of vast extent, so that to give a satisfactory account of what we 
already know of any one of them would require many volumes of the 
size of this treatise. When, therefore, we approach one of the newer 
grouj)S before endeavouring to decipher tin; monuments of an older 
one, it is like endeavouring to r aster tJie history of our own country 
and that of some contemporary nations, before we enter upon Poman 
lli'story, or like investigating the annals of Ancient Italy and Greece 
before we approach those of ICgypt and Assyria. Tliat tliere are 
inconvenicjjccs in thus inverting the order in which the successive 
events are spoken of J fully admit, but there arc also unquestionable 
advantages, and practically it will lead to no misapprehension as to 
the chronological sequence of formations. 

The origin of the terms Primary and Secondary was explained 
in the tdghlh chapter, pp. 90. and 9(5. 

The Tertiary strata were so culled because they wcfe all posterior 

# 
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in dato to the Secondary series, of which last the Chalk or Cretaceous, 
No. 9., fig, 140., constitutes the newest group. The whole of them 
were at first confounded, as before stated, p. 91., with the superficial 
alluviums of Europe ; and it was long before their real extent and 
thickness, and the various ages to which they belong, were fully re- 
cognized. They were observed to occur in patches, some of fresh- 
water, others of marine origin, their geographical area being usually 
small as compared to the secondary formations, and their position 
often suggesting the idea of their having been deposited in dif- 
ferent bays, lakes, estuaries, or inland seas, after a large portion of 
the space now occupied by Europe had already been converted into 
dry land. 

The first deposits of this class, of which the characters were ac- 
curately determined, were those occurring in the neighbourhood of 
Paris, described in 1810 by MM. Cuvier and Hrongniart. They 
were ascertained to consist of successive sets of strata, some of 
marine, others of freshwater origin, lying one u[>on the other. The 
fossil slndls and corals were percedved to be almost all of unknown 
s[)eci(js, and to have in general a near affinity to those now inhabit- 
ing warmer seas. The bones and skeletons of land animals, some of 
them of large sizes and belonging to monjthan forty distinct species, 
were examined by Cuvier, and declared by him not to agree s])ecifi- 
<;ally, nor most of them even g(inerieally, with any hitherto observed 
in the living creation. 

Strata were soon afterwards brought to light in the vicinity of 
London, and in Hampshire, which nlthouirli dissimilar in mineral 
composition, were justly inferred by Mr. T. Webster to be of the* 
same age as those of Paris, because the greater number of the fossil 
shells w(‘re s])ecifieally identical. For the same reason, rocks found 
on tlie (.Jiroud(*, in tluj South of France, and at certain points in 
the North of Italy, were sus}K‘Cted to he of contcunporanoous origin. 

A variety of deposits Avere afterwards found in other parts of 
Europe, all reposing immediately on roeks as old or older than tlie 
chalk, and which exhibited certain gon(*ral characters of resemblauce 
in tlieir organic remains to those previously obs(Tved near Paris and 
London. An attempt was therefore made at first to refer the Avhole 
to one period ; and Avhen at length this seemed impracticable, it was 
contended that as in the Parisian series theie were many subordinate 
formations of considerable tluckiicss Avhich must have accumulated 
oji(‘. after the other, during a great lapse of time, so the various 
])atches of tertiary strata scattered over Europe might correspond in 
age, some of them to the older, and others to the newer subdivisions 
ol‘ the. Parisian series. 

This error, though almost unavoidable on the part of those who 
made the first generalizations in this branch of geology, retarded 
seriously for some years the progn^ss of classification. A more scru- 
pulous attention to the specific distinction of organic remains, aided 
by a careful regard to the relative position of the strata containing 
them, led at length to the conviction tliat there were tertiary forma- 
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tions, both marine and freshwater of various ages, newer than the 
strata of tlie neiglihourhood of Paris and London. 

One of tho first steps in tliis clironologic.al reform was made in 
1811, by an English naturalist, Xlr. Parkinson, who pointed out the 
fact that certain shelly strata, provincially termed “ Crag ” in Suffolk, 
were decidedly superimposed on a deposit which was the continua- 
tion of the bhui clay of Loudon. At the same time he remarked that 
the fossil testacea in these newer beds were distinct from those of 
the underlying blue clay, and that while some of them were of un- 
known species, many others were identical with species now inhabit- 
ing the Pritish seas. 

Anotlier important discovery was soon afterwards made by Brocebi 
in Italy, avIio inv(*stigated the argillaceous and sandy deposits, re- 
])lete with shells, which form a Ioav range of hills, flanking the 
Apennines on both sides, from the plains of tlm Po to Calabria. 
These lower hills were calh‘d by him the Snbapennines, and were 
formed of strata chiefly marine, and newer than those of Paris and 
London. 

Another tertiary group occurring in the neighbourhood of Bordeaux 
and Dax, in the South of France, was examined by ]M. do Basterot 
in 18*2o, who described and figured several hundred species of shells, 
which ditfered for the most part both from the Barisian series and 
those of the Subapenniiie hills. It was soon, therefon', suspected 
tliat this fauna miglil belong to a period int(Tin(*diate Ix'tween that 
of the Parisian and Suhapimnino strata, and it was not long before 
the evidence of su|)erposition was brought to h(*ar in support of this 
opinion ; for other strata, eon tmnporaneous with those' of Bordeaux, 
were observed in one district (the Valhjyof the Loire), to ovc'rlie the 
Parisian formation, and in another (in Piedmont) to underlie the Siih- 
apennine beds. The first example of tliese was pointed out in 1829 
by XL Desnoyers, who ascertained that flic sand and marl ofmariiK* 
origin called Fahin«, near Tours, in the ba^siii of the Loin*, full of sca- 
sliells and corals, rested upon a lacustrine formation, which constitute s 
the uppermost subdivision of the Parisian group, extending con- 
tinuously throughout a great table-land intervening between th(5 
basin of the Seine and tJiat of the Loire. I'lio other example occurs 
in Italy, where strata, containing many fossils similar to those of 
Bordeaux, were observed hy Bonelli and others in thci environs of 
Turin, subjacent to strata belonging to the Subapenniiie group of 
Brocclii. 

Without pretending to give a complete sketch of tlic jirogriiss of 
discovery, I may refer to the facts above enumerated, as illustrating 
the course usually pursued by geologists when they attempt to found 
new chronological divisions. T!ie method hears some analogy to that 
pursued by the naturalist in the construction of genera, when he se- 
lects a typical species, and then classi's as congeners all other species 
of animals and plants whicli airree with this standard within certain 
limit'!. The genera A. and C. having been founded on these prin- 
ciples, a new species is afterwards met with, departing Avidely both 
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from A. and C., but in many respects of an intermediate character. 
For this new type it becomes necessary to institute the new genus B., 
in whicli are included all species afterwards brought to light, which 
agree more nearly with B. than with the types of A. or C. In like 
manner a new formation is met witli in geology, and the characters 
of its fossil fauna and flora investigated. From that moment it is 
considered as a record of a certain period of the earth’s history, and a 
standard to which other deposits may be compared. If any arc found 
containing the saim; or nearly the same organic remains, and occupy- 
ing the same relative position, they are regarded in the light of con- 
temporary annals. All such monuments are said to relate to one 
period, during wliich certain events occurred, such as the formation 
of particular rocks by aqueous or volcanic agency, or the continued 
(‘xistence and ibssilization of certain tribes of animals and plants. 
When several of these periods have had their true places assigned to 
tlieiii in a chronological series, others are discovered which it be- 
comes necessary to intercalate between tliose first known ; and tlie 
(lifliculty of assigning clear lines of separation must unavoidably 
increase in proportion as chasms In the jiast history of the globe arc 
filled np. 

Every zoologist and botanist is aware that it is a comparafively 
easy task to establish genera in departments which have been en- 
i i<*li(*d with only a small iinmhcr of s])ecies, and wdiero there is as 
yet no t(‘ndoiiey in one S(‘t of characters to pass almost insensibly, by 
a mnllitnd(' of eoniiecting links, into another. Th(*y also know that 
the diflicully of classification augments, and that the artificial nature 
(»f th(‘irdivihions becomes more apparent, in proportion to the increased 
uuniber of objects brought to light. But in separating families and 
genera, they have no other alternative than to avail themselves of 
such breaks as still remain, or of every hiatus in the chain of ani- 
mal ed beings which is not yet filled up. So in geology, we may be 
exeiitually compelled to resort to sections of time as arbitrary, and as 
jnirely conventional, as those which divide the history of human 
i‘V(*nts into ceiitnri(*.s. But in the present state of our knowledge, it 
is mon* convenient to use the interruptions which still occur in the 
regular sequence of geological monuments, as boundary lines between 
our ])rin<*ipal gron]»s or periods, even though the groups thus esta- 
l>lislied are of very unequal value. 

Flu* isolated ]K)situ)n of distinct tertiary deposits in dilTereiit parts 
of Europe lias been already alluded to. In addition to the difficulty 
fircsciited by tliis want of continuity when we endeavour to settle 
the chronological relations of these deposits, another arises from the 
freijuent dissimilarity in mineral chariwtcr of strata of contempora- 
neous date, such, for exanijile, as those of liondoii and Paris before 
mentioned. The identity or non-identity of species is also a criterion 
which often fails us. For this wc might have been prepared, for we 
liave already S(;en, that the Mediterranean and lied Sea, although 
WMthiii 70 miles of each otliev, on each side of the Isthmus of Suez, 
have each their jicculiar fauna ; and a marked difference is found in 
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tlie four groups of testacea now living in the Baltic, English Channel, 
Black Sea, and Mediterranean, although all these seas have many 
species in common. In like manner a considerable diversity in the 
fossils of different tertiary formations, which have been thrown 
down in distinct seas, estuaries, bays, and lakes, does not always 
imply a distinctness in the times when they were produced, but may 
have arisen from climate and conditions of physical geography wholly 
indepefidenfc of time. On the other hand, it is now abundantly clear, 
as the result of geological investigation, that different sets of tertiary 
strata, immediately superimposed upon each other, contain distinct 
embedded species of fossils, in consequence of fluctuations which have 
been going on in the animate creation, and by which in the course of 
ages one state of things in the organic world has been substituted for 
another wholly dissimilar. It has also been shown that in ])ropor- 
tion as the age of a tertiary de])Osit is more modern, so is its fauna 
more analogous to that now in being in the. neighbouring seas. It is 
Ihis law of a nearer agreement of the fossil te^iacca with the species 
now living, which may often furnish us witli a clue for the chrono- 
logical arrangement of scattered dcqiosits, whore we cannot avail our- 
selves of any one of the three ordinary chronological tests ; namely, 
superposition, minorfil chara(*4er, and the specific identity of the 
fossils. 

Thus, for example, on the Afri<‘an border of the Rod Soa, at the 
height of 40 foot, and sonn'times moro, above its level, a whitii (*al- 
oareous formation has been obser\(*d, oontainiiig .several hundred 
«ipecies of shells differing from those found in the clay and volcanic 
tuff of the country round Naples, e.g. iu the Bay of Baia^. Another 
deposit has been found at Uddevalla, in Sweden, in which the 
shells do not agree wdth those found near Najdes. Ibit although 
in these thre(j cases there may be scarcely a single shell common to 
tlie three different deposits, we do not liesitate to refer them all lo 
o»ie |)eriod (tlie Post-pliocein?), because of the very close agremnent 
of the fossil species iu every instance with those now living in the 
contiguous seas. 

To take another example, where the fossil fauna recodes a few 
steps farther back from our own times. Wg may coirijiare, first, 
cerlaiii beds at the eastern base of Etna near Trezza, hereafter to b(*. 
mentioned ; secondly, others of fluvio-marine origin near Norwich ; 
and, lastly, a third set often rising to considerable heights in Sicily : 
and wo disc.over that in every case moro than three-fourths of 
live shells agree with species still living, while the remainder arc 
extinct. Hence we may c,onclude that all tlieso, greatly diversified as 
are their organic remains, belong to one and the same era, or to a 
jjeriod immediately antecedent to the Post-pliocene, because there 
has been time in each of the areas alluded to for an equal or nearly 
equal amount of change in the marine testaceous fauna. Contempo- 
raneousness of origin is inferred in these cases, in spite of the most 
marked differences of mineral character or organic contents, from a 
similar degree of divergence iu the shells from those now living in the 
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adjoining seas. The advantage of such a test consists in supplying 
ns with a common point of departure in all countries, however 
remote. 

But the farllicr wo recede from the present times, and the smaller 
the relative number of recent as compared with extinct species in 
the tertiary dt?posits, the less confidence can we place in the exact 
value of sucdi a tost, especially when comparing the strata of very 
distant regions; for we cannot presume that the rate of former 
alterations in the animate world, or the continual going out and 
coming in of species, has been everywhere exactly equal in equal 
quantities of time. The form of the land and sea, and tlie climate, 
may have clianged more in one region than in another ; and consi*- 
qiiently then; may have been a more rapid destruction and renova- 
tion of species in one j)art of the glol)o than elsewhere. Consider- 
ations of this kind should undoubtedly put us on our guard against 
relying too im[»licitly on the accuracy of this test; yet it can never 
fail to throw great light on the chrojiological relations of tertiary 
groups with each other, and with the Post- pliocene period. • 

We may derive a conviction of this truth not only from a study of 
geological monuments of all ages, but also by reflecting on the ten- 
dem-y which ])r(?vails in the ]>rescnt state of iiaturi* to a uniform rate 
of simultaneous fluctuation in the flora and fauna ot‘ th(‘ whole globe. 
Tlie grounds of such a doctrine cannot be diseussed here, and I have 
explained them at some length in the third Book o(‘ the ^‘Prin- 
ci])l(*s of ecology,” wh(‘re the causes of the successive extinction of 
spotdes are considered. It will be there seen that (‘Mch local change 
ill climate and ])hysical geograpliy is attended with tlie immediate 
increase' of certain s])ccies, and the limitation of the range of otlu'rs. 
A revolution thus eflected, is rarelj', if ever, coiifnicd to a limited 
space, or to cjiie geographical province of animals or ])laiits, but 
atfccts several other surrounding and contiguous ])roviuccs. In each 
of these, moreover, analogous alterations of the stations and habi- 
tations of species are simultaneously in progress, reacting in the 
manner already alluded to on the first province. Hence, Jong before 
the geography of any ])articular district can be (*sscntially altered, 
the flora and fauna throughout the world will havo be(‘n malerially 
modified by countless disturbances in the mutual relation of tlu' 
various members of the organic creation to each other. To assume 
that in one large area inhabited exehisivtdy by a single assemblage of 
s]>eeies any imjiortant revolution in jiliysieal geography can be brought 
about, while other areas remain stationary in rcgaial to the position 
of land and sea, the height of mountains, and so forili, is a most im- 
probable bypotli(j.‘<is, wholly o])posed to what w'e know of the laws 
now governing the aqueous and igneous causes. On the other hand, 
(*ven were this conceivable, the communication of heat and cold 
between ditfin'cnt j^arts of the atmosphere and o<*ean is so free and 
ra])id, that the temperature of certain zones ('.ainiot he materially 
raised or low^ered without ochers being immediately affected ; and the 
elevation or diminution in height of an important chain of mouiituina . 
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or the submcrgonce of a wide tract of land would modify the cliin|ito 
even of the jniti])od(*s. 

It will he observed that in the foregoing allusions to organic, rc- 
niiiins, the test.icea or the shcdl-bearing niollusca are selected as the 
most ustdul and convc'iiieiit class for the purposes of general classili- 
cation. Jn the first place, they are more universally distributed 
llirougli strata of (^very age than any other organic bt>dies. Those 
families of fossils whi<*h are of rare and casual occurrence! arc ab>o- 
lutely of no avail in establishing a chronological arrangeimuit. If wo 
Jiave ])lanls aloiu! in one grou]) of strata and the bones of Jiiammalia 
in another, we can draw no conclusion respecting the aillnity or dis- 
cordance of the organic beings of the two epochs compared ; and the 
s-aine may he said if w(! Inive plants and vertebrated animals in one 
>('ries and only sludls in anotluT. Although corals are more abun- 
ilant, in a fv)ssil state, than planis, reptiles, or fish, they are still rare 
wlnni contrasted with sludls, (*s])Ocially in European tertiaiy for- 
mations. The utility of the testacea is, moreovi‘»', enhanccul by the 
circumstance that some forms are pro[>er to tlie sea, others to the 
land, and others to freshwater. Kivers scarcely ever fail to carry 
down into their deltas >onie land-shells, together with s})ecies whicli 
arc at once fiuviatile and lacustrine. I>y this means we learn what 
terrestrial, f‘n‘'<hwaier, and marine species eo(‘xi.sted at ]>articular 
eras of the past : and having thus identified strata formed in stais 
with others which originated conteinporamamsly in inland lak(‘s, we 
an* th(‘n enal)le<l to advance a st<‘p farther, and show that c(*rtain 
quadrupeds or aquatic ]dants, found fossil in lacustrine formations, 
inhabited the globe at tin* same |>eriod when eertain fish, r(‘ptiles, and 
zoo]»liytes lived in the ocean. 

Among other eliaraeters of the molliiscoiis animals, Avliieh render 
them extremely valuable in settling chronological questions in geology, 
may be mentioned, first, the wide* geographical range of many .-[secies ; 
and, s(*c()iidly, what is fjrobably a cons(*qu(*nee of the former, the groat 
duration of species in this class, for they appear to have sur])a>ised in 
longevity tlio greater number of the mammalia and tisb. Had each 
-pceics iiihabired a very limited space, it could never, when embedded 
in strata, liavc enabled the geologist to identify deposits at distant 
points ; or had they each lasted but for a hric'f ])eri(Ml, tlu*y could 
have thrown no light on the coiiucction of rocks placed far from 
cadi other in the (ihronological, c , as it is often termed, vertical 
&c*ries. 

XFany author^ liave divided the European tertiary strata into three 
groups — lower, middle, and ujiper ; the lower com])risiiig the oldest 
formations of I'ari.; and JiOndon before mentioned ; the middle those 
of Bord(*aux and Tournine ; ana the upper all those newer than the 
middle group. 

. When engaged in 1828 in preparing my work on the Principles of 
Geology, I conceived the idea of classing the whole seri(*s of tertiary 
•strata in four grou])s, and endeavouring to find charact(!rs for each, 
exjiressive of their ditferent degrees of affinity to the living faumu 
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With this view, I obtained information respecting the specific iden- 
tity of many tertiary and recent shells from several Italian naturalists, 
and among otln^rs from Professors Bonelli, Guidotti, and Costa. 
Having in 1829 become acquainted with M. Deshayes, of Paris, 
already well known by liis conchological works, I learnt from him 
that he had arrived, by independent researches, and by the study of 
a large collccrtion of ibssil and recent shells, at very similar views re- 
b])ecting the arrangement of tertiary formations. At my request he 
drew u}), in a tabular form, lists of all the shells known to him to 
occur both in some tertiary formation and in a living state, for the 
(‘xpress pur])os(; of ascertaining the proportional number of fossil spe- 
cie's identical with the r(‘cent which characterised successive grouf)s; 
and this table, planned by us in common, was published by mo in 
183^1.* The number of tertiary fossil shells examined by M. Deshayes 
was about IlOOO; and the recent species with which tlicy bad been 
com[)ai*ed about oOOO. The rc^sult then arriv(‘d at was, that in the 
lowin' tiM’tiary strata, or thos{>of London and Paris, there were about 
iJi f)er eent. of* spcei(‘s identical with recent; in the middle tertiary 
of tlie Loire and Gironde about 17 per cent. ; and in tbc upper tertiary 
or Suba])ennine btids, from 35 to 50 per cent. In formations still 
more modern, some of which I had jmrticularly studitid in Sicily, 
wh(‘i-(* tiny attain a vast thickness and elevation abovii the sea, the 
nunibiT of s|)ccies identical with those now, living was l)elievcd to be 
fi’om 1)0 to 95 per cent. For the sake of clearness and brevity, I 
proposed to give short teidinieal names to the!?e lour gn)U[>s, or fbo 
pi*i i<jds to which they re>p(M‘tively belonged. I called the first or 
oldest of them l^kieene, the second Miocene, the third Older Pliocene, 
and the last or fourth Newer Pliocene. The first of the above terms, 
Kocmie, is derived from rjtovj cos, dawn, ami kotror, eainos, rccenfy 
because the fo-sil shells of this period contain an extremely small 
proportion ol’living species, which maybe looked u])on as indicating 
the ilawii of the exi'^ling state of the testaceous fauna, no recent 
species having been detected in the older or secondary rocks. 

The term Miocene (from mcion, less, and kuiioc, eainos, 

recent) is inten(h.*d to expri'ss a minor ])roj)ortioii of recent species 
(ortestacivi), the term Pliocene (from ttKeioc, ])lcion, more, and Kaivoc, 
eainos, recent) a comparative plurality of the same. It may assist 
the memory of stinlents to remind them, that the il/i’ocene contain a 
ntiwoY proportion, and /Viocene a comparative /?/iirality of reci rit 
species; and tliat the greater niimher of recent species always implies 
the more modern origin of the strata. 

It has sometimc?s h(‘(*n objected to this nomenclature that certain 
species of infusoria found in the chalk arc still existing, and, on the 
other hand, the IMiocene and Older I^liocene deposits often contain 
the remains of mammalia, reptiles, and fish, exclusively of extinct 
species. But the r(*ader must hear in mind that the tcu’ins Eocene, 
Pliocene, and Pliocene were originally invented with reference purely 


* See Principles of Geology, vol. iii. 1st ed. 
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to conchological data, and in that sense have always been and arc 
still used by me. 

The distribution of tlie fossil species from which the results before 
meutioued were obtained in 1830 by M. Deshayes was as follows : — 

In tiu' formations of the Pliocene periods, older and newer - 777 

111 llie Miocene (upper or Falunian) _ - _ i02l 

In tile Eocene (including the Gres de Fontiiincbloau) - 1238 


3036 

Since the year 1830, the number of neW living species obtained 
from different parts of the globe has been exceedingly great, supply- 
ing fresh data for comparison, and enabling the paleontologist to 
<‘oiTect many erroneous idcutilicatious of fossil and recent forms. New 
species also have been collected in abundance from tertiary formations 
of every ,age, while newly discovered groups of strata have filled up 
gaps in the previously known series. Hence modifications and re- 
forms have been called for in the classification first proposed. The 
Eocene, Miocene, and Pliocene periods have been made to compre- 
hend certain sets of strata of which the fossils do not always conform 
strictly in the proportion of recent to extinct species with the defini- 
tions first given by me, or which are implied in the etymology of 
those terms. Of these and other innovations I sliall treat more fully 
ill the Iburtecmth and fifteentli cha])ters. 

Neiver Pliocene — Ischia , — We have already seen, page 108., that 
in the neiglibourliood of Naples there are stratified tuffs containing 
a large number of fossil shells agreeing specifically with those now 
living in tlie ^Mediterranean. Of an age immediately antecedent to 
tliose Post-pliocene formations are the volcanic tuffs of tlui neigh- 
bouring island of Ischia, some <»f them rising in tlie summit of Santa 
Ni(!ola or Monte Epomeo to the height of 2005 feet above the sea. 
1 .stated in the first editions of the “ Principles of (jrcology ” * that in 
1828 I had procured many fossil shidls from near the village of 
^loropano, at an elevation of 2000 f(X‘t above the Mediterranean. I 
have since found, on revisiting Ischia, that the spot is not more than 
1000 feet high ; but this error is notof geological importance, as the 
beds arc admitted to form a part of the same greenish and blueish 
marls which reach the top of Epomoo. The whole of the fossil 
spe*ci(.*s, 28 in number, wliich I first collected there, Averc examined 
by IVr. Deshayes and recogniz(*d by him as all now living. I called 
lliem Newer JMiocenc, considering them of much more modern date 
than (lie Subapenninc strata j, to which Signor Spada Lavini pro- 
posed, in 1853, to refer them. He seems to have adopted this opinion, 
because among a larger number of fossils obtained from these beds 
in Ischia, Bnecinum semistriatum and Murex vayinatus (see fig. 141.) 
bad been found. Jlotli of thc.se shells Avere supposed to be extinct ; 
but although this is true of the first, which is a common Subapenninc 


♦ Principles of Geology, vol. iii. p. 126., 1833. 
t Scu Priuciplcs, Tabic, vo\, iii. pp. 16. and 126. 
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shell, it is not so of the other, for the Murex still lives in the 
Me<3iterr€anean, though rare and recent sT)ecimens of it may be 
seen in Mr. Cuming’s collection in London, from which the an- 
nexed figure is taken. Several Italian geologists, who had not ex- 
amined Ischia, hastily adopted the classification 
ol* Signor Spada ; but M. Puggaard, who was well 
acquainted with the island, immediately entered 
his protest against itf ; and there can be no doubt, 
from the general character of the organic remains, 
that the mass of Epomco was formed beneath the 
waters of the sea at the close of the Newer Pliocene 
period, and was raised to a height of 2600 feet 
above its original level in Post- pliocene times. 

Vemrius . — old cone of Vesuvius, or Monte 
Soinnia, is, geologically speaking, so modern that the 
eruption by which it was formed burst through ma- -vafimatus, 

rine clays and tufis of the same age as those of Ischia 
above mentioned. Fragments of tuff and conglomerate found amongst 
the anciemt cjectamenta, and constituting part of the strata laid open 
in the ravine called Fosso Grande and in the Rivo di Quaglia, the 
latter 972 feet high above the sea, have supplied Signor Guiscardi with 
100 slndls, among which one, and one only, namely, Buccinum semi- 
striatum^ b(dbro alluded to, is extinct. The oldest eruptions, therefore, 
of the Campi JMilegraci, or volcanic regions of Naples, took place jn-c*- 
cisely at the close of the Newer Pliocene period, when about one 
shell only in a hundred difiered from those now living in the Mediter- 
ranean. 

Sicilf/t Eastern base of Mount Etna . — At several points north 
of C^atania, on the eastern sea-coast of Sicily, as at Aci-Castello, 
for example, Trezza, andNizzeti, marine strala, associated with vol- 
canic tuffs and basaltic lav.as, are seen, wliich belong to a ]H‘riod 
w'hen the first igneous eruptions of Mount Etna were taking place 
in a shallow bay of the Mediterranean. During my first visit to 
Sicily ill 1828, I collected sixty-five species of shells from these 
(days and sands, which may be said, together with the associated 
igneous products, to constitufc the foundations of the great vol- 
cano. With the hel]) of Deshayos, T was enabled to piiblisli a 
list of' their names J, showing that nearly all of them agreed witli 
species now iidiahiting the adjoining sea. Jn LS.57 and 18o8, when 
I revisited Sicily, I obtained, through the kindness of J)r. Aradas, of 
('atania, a much larger miinber of species from the same localitie>, 
Avhieh confiriiHjd the conclusions formerly arrived at as to the age 
of these deposits. Out of 142 shells, all but eleven proved to be 
identical with species now living. Some few of th(*se eleven shells 
may possibly still linger in the depths of the Mediterranean, like 

• Lycll on Mount Etna, Phil. Trans., 28.'3., and xv. p. 302. 
p. 778., 18.58. t Principles of Geology, vol. iii. Aj)- 

t J5ulletin de IiiSoe. Geol. de France, pciidix, 1833. 
tom xi., 2c ser , p. 72., and torn. xiii. p. 
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Murv.x vaginalus, fig. liiD., ]». 189. The last-mentioned shell had 
already become rare, when the sub-Etnean deposits were formed. 
On the whole, the modern character of the testaceous fauna under 
consideration is expressed not only by the small projmrtioji of extinct 
species, hut by the relative number of individuals by which most of 
the other species are rc'presented, for the proportion agrees with 
that observed in the present fauna of the Mediterranean. The only 
extiiK^t shell Avhich can bo sstid to be common is Buccinnm semi- 
striatum ; B. musivum comes next in abundance. The rarity of the 
other nine is such as to imply that they were already on the point 
of dying out, having flourished chiefly in the earlier Plioceiu^ times 
when the Subapennine strata were in progress. 

Yet since the accumulation of these Newer Pliocene sands and 
clays, the whole cone of Etna, 11,000 feet in height and about ninety 
miles in circumh'rence at its base, has been slowly built u]) ; an 
oj Miration reijuiring many tens of thousand? of years for its ac(;oni- 
plishment, and to estimate the magnitude of wliich it is necessary to 
study in detail the internal structure of the mountain, and to see the 
proofs of its double axis, or the evidence of the lavas of the present 
great centrci of eruption having gradually overwhelmed and en- 
veloped a more aueiimt coins situated 31 miles to tin? east of tlie 
present one. We ought also to satisfy ourselves, as w(‘ may easily 
do, that ill breadth and thickness each of the old(;r lavas did not 
exceed in tlnu'r average volume the products of singh^ out|)ourings 
of historical times. In s]>eeulating, moreover, on the lapse of bygone 
ages, w<* must take into account the dilferent dat(‘s and varying 
composition of the dikes up which the lavas poured, Avhether be- 
longing to the eastern or western axis, and the manner in whi<*h 
one set of dikes cuts tlirough an older oin* ; also, the vast denu- 
dation to which tlie Yal del Jlove, or deej) valley, on the eastern 
flank of th(j mountain bears testimony ; and, lastly, the gradual 
ujdieaval above the level of the sea of some of the submarine rocks 
tiist formed, and the origin of many hundred minor cones, the result 
of lateral outbreaks during tin* most modern phase of eruption. 
Tliese and other obsin-vatioiis must be made, before the jirodigious 
antiquity of the Newer Pliocene marine strata above described can 
be hilly apjireciated.* 

It apjiears that while Etna was increasing in bulk by a series of 
eru|)tions, its whole mass, com|)ri.>ing the foundations of subaqueous 
oi igiii above alluded to, was undergoing a slow upheaval, by which 
tliose marine strata were raised to the height of 1200 feet above the 
sea, as si en at Cati;ra, and fierhajis to greater ludghts, for Ave eannot 
trace their extension w(*.stward owing to the dtmse and continuous 
covering of modern lava under which they are buried. During the 
gradual ri-e of these Newer Pliocene formations (consisting of clays, 
sands, ami basalts), otluir strata of Post-pliocene date, marine as w^ell 
as fluviatilc, accumulated round the base of the mountain, and these, 

' Sre a Memoir on tlio Lavai- and Mode of Origin of Mount Etna, by the Author, 
Phil. Trans., IbaS. 
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ill tiujir turn, partook of the upward movement, so that several 
inland (cliffs and tcrrac.es at low levels, duo partly to the action of 
the sea and partly to the river Slmeto, originated in succession. 

Fossil remains of the elephant, and other extinct quadrupeds, have 
been found in these Post-plioceiie strata, associated with recent shells. 

Newer Pliocene strata of Sicily . — There is probably no fiart ol' 
Europe where the Newer IMiocene formations enter so largely into 
the structure of the earth’s crust, or rise to such heigJiis above the 
hivel of the sea, as Sicily. They cover nearly half the island, and 
iKMir its (icntn?, at Castrogiovanni, reach an elevation of 3000 feet. 
They consist principally of two divisions, tlie upper calcareous, and 
tlie lower argilhnreous, both of whicli may be seen at Syracuse, Grir- 
genti, and Cnstrogioviniui. 

According to Philippi, to whom we are indebted for the best 
account of tlic tertiary sliells of this island, thirty-five s])eci(*s out 
of one hundr(‘d and twenty-four obtained from the beds in central 
iSicily are extinct. 

A geologis.1, accustomed to see nearly all the Newer Pliocene for- 
inalions in the north of Europe occup^dng low grounds and very 
incoherent in texture, is naturally surpris(*d to behold formations of 
th(^ sfime age so solid and stony, of such thickiu'ss, and attaining s»> 
great an eh'vation above the level of the sea. 

'fhe upp(‘r or calcareous member of this grou|) in Sicily cojisisls 
in some places of a yellowish-white stone, like the Calcaire Grossicr 
of Paris ; in others, of a rock lu'arly as compact as marble. Its aggri*- 
gate tljickjiess amounts sometimes to TOO or 800 fcM^t. It usually 
occurs in regular horizontal beds, and is occasionally intersected l)y 
dei'p \ alleys, such as thojje of Sortino and Peiitalica, in which are 
numerous caverns. The fossils are in evciy stage of preservation, 
from shells retaining portions of their animal matter and colour to 
oth(*rs which are mere easts. 

Tlic liincstojic passes downwards into a saridstone and ecnglome- 
inci’at(\ below which is clay and blue marl, like that of the Snb- 
apennine hills, from which perfect shells and corals may be dis- 
engaged. The clay sometimes alternates with yellow sand. 

South of the jdain of Catania is a region in which the tertiary 
l)(*ds are intennixed with volcanic matter, which has been for the 
ino>t part tlie product of submarine erujitions. It appears that, while 
the clay, sand, and yelloAv limestone Ixdbre mentioned were in eonix* 
of de|)osilion at the bottom of tlie sea, voleanoc's burst out beneath 
the wati'i’s, like tliat of Graham Island, in 1831, and these ('xplosions 
i t'eurrcd again and again at distant intervals of time. Voleanie ashes 
and sand W(‘re showered down and sjiread by the waves andeurnmts 
so as to liirm strata of tud’ whieh are found liiterealated b(*tweeii 
beds of limestone and clay coiiiaining marine shells, the thiekness ot 
the whole mass exe(*cding !^()()0 feet. The insures through whieh the 
lava rose may be scjeii in many plnees forniing what are called dikes. 
In part of tin; region above alluded to, as, for example, near licn- 
tiui, a conglomerate occurs in which 1 observed many jiebblcs of 
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volcanic rocks covered by full-grown serpulce. We may explain the 
origin of tliese by supposing that there were some small volcanic 
islands which may have been destroyed from time to time by the 
waves, as Graham Island has been swept away since 1831. The 
rounded blocks and pebbles of solid volcanic matter, after being rolled 
for a time on the beach of such temporary islands, were carried at 
length into some tranquil part of the sea, where they lay for years, 
while the marine serpulce adhered to them, their shells growing and 
i-overiiig their surface, as they arc seen adhering to the shell figured 
in j». 22. Finally, the bed of pebbles was itself covenjd with strata 
of shelly limestone. At Vizzini, a town not many miles distant to 
the SW., I remarked another striking proof of the gradual manner 
in which these modern rocks were formed, and the long ijitervals of 
time which elapsed between the pouring out of distinct sheets of lava, 
a bed of oysters no less than 20 feet in thickness rests upon a cur- 
rent of basaltic lava. The oysters arc perfectly identifiable with our 
common eatable species. Upon the oyster-bed, again, is superim- 
posed a second mass of lava, together with tuff or peperino. In tin*, 
iifnlst of the same alternating igneous and aciueous formations is seen, 
near Galieri, not far from Vizzini, a horizontal bed, about a foot and 
a half in thickness, composed entirely of a common Mediterrajioan 
coral ( Cari/opfiyUin cfpspitosa, Lam.). These corals stand erect as 
they grew ; and, after being traced for luindrcds of yards, are again 
found at a eoiTes]»OTiding height on the opposite side of the valley. 


Fig. 142. 



Cm y'}]thylha Lam, {Cla/locora stt'llarui, Miiiic Edw. and Jl.iimp.) 

a. Slein with youriH Iniin itf V'U\ 

.**. Yimiii; '•triri ol tivm* iH.igiiiru'd. 

0. I’oriiim «in)rancii. iw i< i; in.igiiiiicd. with tho Imm* of a latoral branch; llip exterior 
ridi^es ot tin- m.iiu branch aiipi-aniig through the lainclUe i>t tbc lateral one 
f TraiiiiiMM- seclioii ol same, proving, b)' the uilegiity ot llie mam branch, that the 
i.iter.il one did not oiiginaie m a biibdnihiuii ol the animal. 
d. A braiKli. luiviiig at ita base aiiother laterally united to it, and two young cor.ilb at 
it-< upp- r part. 

t . \ Iiiai I biaiifb, with .1 riill-growii lateral one. 

A perfect terminal star. 

The ( orals are usually branched, but not by tlic division of the 
animals, as some have supposed, but by tlie attiicliiueiit of young indi- 
viduals to the hides of the older ones; and we must understand this 
mode of iiicrt'ase, in order to appreciate the time which was required 
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for tlie building up of the whole bed of coral during the growth of 
luauy successive generations.* 

Among tlie other fossil shells met with in these Sicilian strata, 
w^hic.h still continue to abound in the Mediterranean, no shell is more 
cons})icuous, from its size and frequent occurrence, than the great 
scallop, i'ectew jacobcBm fig. 143.), now so common in the neigh- 

bourij)g seas. We see this shell in the calcareous beds at Palermo 
in great numbers, in the limestone at Girgenti, and in that which 
alternates with volcanic rocks in the country between Syracuse and 
Vizzini, often at great heights above the sea. 


Fig. 143. 



Peett’n jacoOtigus ,* hall natural size 


I'lic moi'e we reflect on the preponderating number of <hps(‘ recent 
sliidls, the more avc are surprised at the great thickness, solidity, and 
ln'iglit above the sea of the rocky masses in which they are entombed, 
and the v'ast amount of geographical change which has taken place 
sinc(i their origin. It must be remembered that, before they began 
to (‘merge, the n])])crmost strata of the whole mii-t have been de- 
])()siled under water. In order, therefore, to Ibrm a just conception 
of tlicir antiquity, wo must first examine ^ingly the Innumerabh* 
minute parts of Avhich the whole is made u|>, the successive beds of 
shells, corals, volcanic ashes, couglomcrutos, and sh(.‘cts of lava; and 
W(‘ must afterwards contemplate the time reejuired for the gradual 
ujiheaval of the rocks, and the cxcavalion of the \all(‘ys. The his- 
torical period seems scarcely to form au a])preciable unit in this com- 
putation, for we find ancient Greek tcmijdes, like thosc^ of Girgenti 
( Agrigentum), built of the modern limestone of which wc arc speak- 
ing, and resting on a liill composed ol* the same ; the bite having rc- 

* I am indelitod to Mr. Lonsdale for the dct.iils above given respecting the 
structure of this coral. 
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mained to all appearance unaltered since the Greeks first colonised 
the island. 

The modern greolo^ical date of the rocks in this rej^ion loads to 
another singular nnd unexpected conclusion — namely, that the fauna 
and flora of a lar"c part of Sicily are of higher antiquity than the 
country itself, having not only flourished before the lands were raised 
from the deep, but even before their materials were brought together 
beneath the waters. The chain of reasoning which conducts us to 
this o])inion may be stated in a few words. The larger part of the 
island has been converted from sea into land since the Mediterranean 
was peopled with nearly all the living species of testacea nnd zoo- 
phytes. We may therefore presume that, before this region enuTged, 
the same land and river shells, and almost all the same animals and 
plants, were in existence which now people Sicily ; for the terrestrial 
fauna and flora of this island ar6 precisely the same as that of other 
lands surrounding the Mediterraneaji. There appear to be no peculiar 
or indigenous species, and those which are now established there must 
be supposed to have migrated from pre-existing lands, just as the 
plants and animals of the Neapolitan territory have colonized Monte 
Nnovo since that volcanic cone was thrown u]) in the sixteenth 
century. 

Such conclusions throw a new light on the adaptation of the attri- 
butes and migratory habits of animals and plants to the clnuigos which 
are unceasingly in ])rogress in the physical geogra])hy of the glolx*. 
It is clear that the duration of s])ecics is so great, that they arc d(*s- 
tined to outlive many important revolutions in the configuration of 
the earth’s surface ; and hence those innumerable contrivances for 
enabling the subjects of tiie animal and vegetable creation to extend 
their range ; the inhabitants of the land being often carri(‘d across 
the ocean, and the aquali<* tribes ovej great continental spaces. It 
is obviously expedient that the terrestrial and fliiviatile species should 
not only be fitted for the rivers, valleys, ])laius, and mountains whi<*h 
exist at the era of their ereation, but for others that are destined to 
he formed before the species shall lK*comc extinct; and, in like man- 
ner, the marine species are not only made for the deep ami shallow 
regions of the ocean existing at the time when they an» called into 
being, but for tracts that may be submerged or variously altered in 
depth during the time that is allotted for their continuance on the. 
globe.” * 

*The three last pages, on “The the Geological Evidences of the An- 
Newer Pliocene Strata of Sicily,” arc ti(|uity of Man, 1 have shown (chaps, 
given verbatim as they appeared thirty xxi. to xxiv.) that Mr. "Darwin’s theory 
years ago in the first edition of the Priii- of natural selection removes many of the 
cipies of Geology (vol. iii. p. 115., 183*1). principal difficulties which stood in the 
The last sentence, marked with inverted \vay of Lamarck’s doctrine of transinii- 
commas, was couched in language im- tation; and had I inclined ns much in 
plying my adherence to the theory that 1833 towards embracing Mr. Darwin’s 
each species was originally created such views as 1 do now, I should hftve cx- 
as it now exists, and was incapable of pressed myself soinewlint differently, 
varying so as to pass into a new and But I have thought it best not to rc-cast 
distinct species. In my recent work on a passage which has been so often 
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Newer Pliocene strata of the Upper Vald^Arno, — When we ascend 
tlie Arno for about ten miles above Florence, we arrive at a deep nar- 
row valley called the Upper Val d’Arno, wliich appears once to have 
been a lake at a time when the valley below Florence was an arm of the 
sea. The horizontal lacustrine strata of this upper basin are 12 miles 
loiig and 2 broad. The depression which they fill has been excavated 
out of Eocene and Cretaceous rocks, which form everywhere the sides 
of the valley in highly inclined stratification. The thickness of the 
more modern and uncon formable beds is about 750 feet, of which the 
upj)er 200 leet consist of Newer Pliocene st'*ata, while the lower are 
Older Pliocene. The newer series arc made up of sands and a con- 
glomerate called “ sansino.” Among the embedded fossil mammalia 
are Mastodon arvemensis^ Elephas meridionalisy Rhinoceros etrnscus^ 
Hippopotamus major, and remains of the genera bear, hytena, and 
felis. 

In the same upper strata are found, according to M. Gaudin, the- 
leaves and cones of (Rpptostrobus europeens, a plant closely allied 
fr. heterophyllus, now inabiting the north of China and Japan. This 
(‘onifer liud a wide range in time, having been traced back to tin* 
JiOwer Miocene strata of Switzerland— and being common at (Eningen 
in the U])per Miocene, as we shall see in the sequel, Cliaptcr XV. 

Newer Pliocene strata of England^ — It is in the counties of Nor- 
folk, Sullblk, and Essex, that we obtain our most valuable information 
r(‘speeting the British Pliocene strata, whether newer or older. They 
have obtained in those counties the provincial name of “Crag/* 
applied particularly to masses of shelly sand which have long been 
used in agriculture to fertilise soils deficient in calcareous matter. 

In Siillblk the strata so Jiamed are divisible into the Lower, callcMl 
the While, or (Coralline, and the Upper, or the lied Crag ; * but the in- 
ferior divisioji occupies a very limited area, and the l{(*d Crag usually 
reposes directly and without the intervention of the Coralline on older 
strata, fis in Essex, for example, where the relative position of the 
lud Crag to the London Clay (an Eocene deposit) and to the chalk 
i.> e.\j»lained in the accomj)anyiiig diagram. Both the White ami tin* 


Fig. 144. 

Crag. London Cl.iy. Chalk. 



Red Crag, as we shall sec in the sequel, belong to the Older Pliocem* 
period, Avhereas a more modern deposit, occurring in the neighbour- 
hood of Norwich, is referable to the Newer Pliocene. It consists of 

cited, both by writers who opposed and indefinitely modified in their organiza- 
npproved of it. The main proposition tioii under the influence of new con- 
wliich seemed so stiirtling in 1833, ditions in the animate and inanimate 
namely, that species in general may world. 

be oldtr than the lands and seas they * Sec paper by E. Chnrlcsw'ortb, Esq . ; 
inhabit, is now the creed of .almost liondon and Ed. Phil. Mug., No. xxxviii. 
every gcologUt, whetb.er he udc]it9 or p. 81., Aug. 1835. 
rejects the theory that species may be 

o2 
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beds of incoherent sand, loam, and gravel, which are exposed to view 
on both banks of the Yare near Norwich. As they contain a mixture 
of marine, land, and frosliwater shells, with i(;hthyolitcs and bones of 
nininnnilia, it is clear that these beds have been accumulated at tlie 
bottom of a sea near the mcHith of a river. They form patches 
varying from 2 to 20 feet in thickness, resting on white chalk, and 
are covered by a dense mass of stratified lliiit-gravel. 'J'he surface 
of th(‘ chalk is often perforated to tlie depth of several inches by the 
Pholas crispatn, oacli fossil shell still remaining at the bottom of its 
cylindrical cavity, now filled up with loose sand from the incumbent 
crag. This species of Pholas still exists, and drills the rocks between 
high and low water on the British coast. The most common shells 
of these strata, such as Fhsus striatus, F, nntiqnns^ TurritvUn com- 
Cardium ednle, and Cpprina islandica, are now abundant in 
the Biilish seas; but with them are some (‘xtiiic.t sjx'cies, such as 
J\'ifCfda Cobfjoldia: 14o.), and Tcllina oNiqiia (fig. 116.). Aatica 

/ifltcoidfs (fig. 147.) is an example of a species formerly known only 


jMg. Fig. no. Fig 117 



Nucufa Cobholduc. Tellina ohliqua. Naftca hcltcouks^ 

Joliiisuui. 


a- fo-'s!!, but whicli ha? now been found living in onr seas ; and I have 
recently seen, in the British ]\lu<eiiin, a living shell from Vancouver’s 
I'.land, .^o elosely allied to iV. Cohhold'ue^ tliat it would be considered 
by many as merely a marked variety of the same I’orm. 

The Norwich Crag is vsecn re.stiug on chalk in the sea cliff between 
Weyboiiriie and Cromer, and is found at many points to tlic westward 
in tlie interior. Tlie only place where beds containing the peculiar 
shells of this formation have been found directly overlying tlie Bed 
(‘i-Mg i'i at Chillcsford, near Orford in Sufiblk; but we do notrecjiiire 
the evidence of direct Miiierjiosition to prove tliat tin* Norwich is a 
much new(T deposit than the Bed Crag, since the proportion of recent 
to extinct .‘species is so much great s in the Norwich beds, aniounl- 
ing, according to the hite.st inve.stigations, to 89 })cr cent., whereas 
in the Red Crag it does not exceed 60 jier cent. 

Among the accompanying nur.aiiis of maiiimalia arc tliosc of a 
IMa^t^ulon, a portion of the upper jawbone with a tooth having been 
found by Mr. Wiglnim at Post ."ick, near Norwich. This species 
lias also he(!ii foun<l in the Red Crsig, both at Sutton and at Felix- 
stow, and Avas till lately regarded as an Upper Miocene or Falnniaii 
F|)ecies ; and under tliis jjcrcuasion, cajling it M. antjmtidp.ns^ on tlui 
authority of Professor Owen, 1 snggc.sted that its remains might 
have been washed out of older strata into the Crag, just as we some- 
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times observe London Clay and Chalk fossils introduced into the 
same deposit. But Dr. Falconer, who has devoted many years to the 
'study of the fossil and recent Proboscideans, has shown that the 
fossil is a Pliocene species, first observed in Auvergne by MM. Croizet 
and Jobert, and named by them Mastodon arvernensis. Cuvier did 


Fig. lift. 



Ma\todon arvcrncnsis (Norwich Crap, Postwick, also fnuVMl in lied Crag, seen. 201.); tliir'I milk 
molar, left side, upper jaw ; grinding surface, nat. size. Newer Pliocene. 

not adopt this name, for he had seen but a few specimens from 
Auvergne, and he confounded them with M, angustidens. The entire 
.‘skeleton of botli those IVIastodons having now been obtained, they are 
found to be referable to two distinct sub-genera. The Crng fossil 
belongs to the Tetralophodon of Falconer, a sub-genns of wliieJifive 
s[Mvies are known, so culled because tliere are four ridges in the 
])emiUimate true molar a.s well as in the two teeth whicli are placed 
iinniedialidy before it in both jaws. Tlic Mastodon aiigustidens, on 
the other band, belongs, with six other species, to the section called 
Trilophodon^ in which tlic corresponding teeth have each three 
ridges ; and is, according to MM. Liirtet and Falconer, eharaelcristic. 
of the Faluns of Touraine, as well as of Sansan at the foot of the 
J'yrenecs, and several other Miocene localities. 

The Mastodon arverneiisis, says Dr. Falconer, is the only one yet 
found in England. It abounds with the Hippopotamus major in the 
Pliocene strata of the Val d’Ariio, as well as in btr.ata of the same 
age in Piedmont and at Montpellier. It may be considered, tbiTC- 
forc, as a characteristic Pliocene species in Italy, France, and Europe 
generally. 

This Mastodon has never been found in the Cromer Forest bed 
above mentioned, p. 160., but several of the mammalia of that deposit, 
including the Ehphas meridionalis^ are common to the Norwich beds, 
and to the older or Red Crag. As to the Norwich Crag, it is now 
ascertained that it contains a larger proportion of living as compared 
to extinct shells tlian was formerly supposed ; for many of the lost 
species once referred to tin's formation are worn specimens, few in 
number, and evidently washed out of tlic Red Crag into the newer 
strata. Others, which are really of contemporary date, and which 
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were believed to have died out, have been found livin" in the 
British seas, where they have become exceedingly rare. From the 
latest researches of IVIr. S. P. Woodward, it seems probable that the 
extinct species do not exceed 11 in a hundred. 

ChiUesford beds, — Tt was stated that at Chillosford, near Wood- 
bridge in Sutfolk, the Norwich Crag has been found overlying the 
Bed (h’ag. In this case the Newer Pliocene beds are argillaceous, 
and about 20 feet tlnck. Messrs. Prestwich and Searles Wood ob- 
tained from them 23 species of shells, of which 2 only, Nucula 
Cohboldicc and Tellina obliqua^ arc extinct. Among the other, or 
living species, a largo proportion, such as Leda lanceolntn^ Cardium 
(jrcsnlmidicnniy Lucina borealis, Cyprina islnndica, Panopa^a norve- 
f/ica, and Mpa truncata,hQii‘riy aNorthern and some of them an Arctic 
character. There is good reason to believe that the ChiUesford beds 
arc older than tlie forest bed of Cromer, before alluded to ; and when 
Ave consider that these fossils occur within eighty miles of London, in 
the 52nd parallel of latitude, we see in them a ]>roof that the glacial 
epoch began before the end of the Post-pliocene period.* 

Bridlington beds. — At Bridlington, on the coast of Yorkshire, 
near Flamborough Head, lat. 54® N., another de])osit occurs of about 
the same age as the ChiUesford beds, and therefore older than the 
Cromer l^orest, though somoAvhat newer than Ihe Norwich Crag be- 
fore described, for it contains a still larger projioi tion of recent shells. 
The deposit is heterogeneous in comjiosition, consisting of sand and 
clay, Avith p(4)l)les of various rocks, chalk and flint being the most 
abundant. The prevailing colour resembles that of London Clay. 
iMr. S. P. Woodward has lately been able to add 32 new species to 
the fossils of this formation by studying the collections of Messrs. 
Hean and Leckenley at Scarborough, bringing uj) the total number to 
fi4, of Avhich 4 only are extinct f, namely, Natica ocvltisa, Cardita 
analis, Nucula Cobbolduc, and Tellina oblupia, giving a ju’oportion 
of only b |)cr cent, of extinct species instead of 11, as in the Norwich 
beds on the Yare. Ol’ the whole 64 shells, 36 are common to th(‘ 
NorAvich Crag jiroiier, and 12 are peculiar to Bridlington, or were not 
])re\ iously known in any pliocene or glacial deposits in Great Britain. 
What is most remarkable is the fact, that of the 60 spcci(\s which 
remain after abstracting the extinct forms, no less than 30 are in- 
habitants of the Arctic regions, none of them extending southwards 
to the British seas. This is tlie n ire singular when we consider that 
Bridlington is situated in lat. 54® N. It will be seen in the next 
< hapter that the cold came on gradually, beginning when the Whitii 
Crag Avas formed, and increasing in the period of tlie Bed Crag, and 
still more in that of the Norwich formation, during Avhich there may 
have been several os<*illations of temperature. The refrigeration 
seems to have readied its niaximum, and to have been developcil 
most extensively in Eurojie in Post-pliocene times. It may, no doubt, 

* Antiquity of Man, by the Author, f Gcol. Mng., Aug. 13G4. 

p. 212. 
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be said that tho shells of Moel Tryfaeii above mentioned, found at a 
height of nearly 1400 feet above the sea, and in lat. 53° N., or nearly 
the same as that of Bridlington, do not imply so great a cold as the 
latter, as they only contain 11 shells in 54 of exclusively Arctic cha- 
racter, or only one-fiftli of the whole number of species, instead of 
nearly half, as in tho case of Bridlington. But tho fauna of Moel 
Tryfaen does not illustrate tho extreme cold of the glacial period 
like the beds of Errol and Elie, on the borders of the Tay and Forth. 
(See p. 153.) 


OLDER PLIOCENE STRATA. 

Red Crag of Suffolk , — The Crag of Suffolk, as already mentioned, 
is divisible into the Upper or Red, and the Lower or White Crag.* 

These dej)osits, according to the late E. Forbes, appear by their 
embedded shells to have been formed in a sea of moderate depth, 
usually from 15 to 25 fathoms, but in some few spots perhaps deeper. 
Yet they cannot be called littoral, because the fauna is such as may 
have extended 40 or 50 miles from land. The Uj^per or Red Crag 
c-onsists chiefly of quartzose sand, with an occasional intermixture of 
shells, for tho most ])art rolled, and som(‘timcs comminuted. It is 
distinguisln^d by the deep ferruginous or ochreous colour, both of its 
.sands and shells, while the Older Crag, commonly called the Coralline, 
is white?. Both formations are of moderatp thickness ; the Red Crag 
rarely exceeding 40, and the Coralline seldom amounting to 20 feet. 
But their importance is not to be estimated by the density of the 
mass of strata or its geographical extent, but by the extraordinary 
richness of its organic remains, belonging to a very })eculiar type, 
wliich seems to characterize the state of the living creation in the 
north of Euro])e during the Older Pliocene era. 

The relative j)osition of the Red Crag in Essex and the subjacent 
London clay and chalk has been already pointed out (fig. 144.). 
\Vhenever the two divisions are met with in the same district, the 
Red Crag lies upjiermost ; and, in some cases, as in the section rcj)r(;- 
sented in tig. 149., which 1 had an opportunity of seeing exjiosed to 


Fig. no. ^ 

Slinttish.'im % 



Section near Ipswirh, in Sullolk. 

#1. Red Crag. b, Corallme Crag. c. LouJon Clay. 


view in 1839, it is clear that the older or Coralline mass b liad suffered 
denudation, before tlio newer formation a was thrown down ujiou it. 
At D there is not only a distinct cliff, 8 or 10 feet high, of Coralline 
Crag, running in a direction N.E. and S.W., against which the Red 

* See j>aper by E. Clmrlcsworlh, Esq. ; London and Ed. Phil. Mag., No. xxxviii. 
p. 81., Aug. 18«35. 
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Cragf abuts with its hori/oiital layers ; but this cliff occasionally 
overhangs. The rock composing it is drilled everywhere by Fho- 
lades, the holes which they perforated having been afterwards filled 
with sand and covered over when the newer beds were thrown down. 
As the older formation is shown by its fossils to have accumulated 
in a dcej)er sea (15, and sometimes 25, fathoms deep or more), there 
must no doubt have been an upheaval of the sea-bottom before the 
cliff here alluded to was shaped out. We may also conclude that so 
great an amount of denudation could scarcely take place, in such in- 
coherent materials, without many of the fossils of the inferior beds 
becoming mixed up with the overlying crag, so that considerable 
difficulty must be occasionally experienced by the paleontologists in 
deciding which species belong severally to each group. 

The Red Crag being formed in a shallower sea, often resembles in 
structure a shifting sandbank, its layers being inclined diagonally, 
and the ])lanes of stratification being sometimes directed in the same 
quarry to the four cardinal points of the compass, as at Butley. That 
ill this and many other localities, such a structure is not dec(‘ptivo 
or due to any subsequent concretionary rearrangement of particles, 
or to mere lines of colour, is proved by each bed being made up of 
flat pieces of shell which lie parallel to the planes of the smaller 
strata. 

Some fossils which are very abundant in the Red Crag, have never 
been found in the white or coralline division ; as, for example, the 
Fiisus co7itrariifs (fig. 150.), and several species of Marex and 
Bnccinitm (or J^assa) (see figs, 151, 152.), which two genera seem 
Avaiiting ill the Lower Crag, 

Flp. l.'iO. Fossils charactrrbtic of the Retl Crag. 


Fig. 151. 



Fusus contrartus. 


Purpura Mrni>ona. 


Fig. 150. half nat. size; thr utliers nat. size. 


Fig. 15.\ 


-Vrt'f.vrt grnnttltUti. 
Fig. 



Ci/pitca curtipu’ii. 



Many of these shells are foun*’ in a good state of preservation in 
the cliffs of Walton-oii-Naze, in Essex ; at Felixstow the cliffs afford 
fewer shells, and most of tlicm are fragmentary. 

Among the bones and teeth of fishes are those of largo sharks 
{Carcharodon), and a gigantic skate of the extinct genus 
and many other forms, some common to our seas, and many foreign 



Ch. XIII.] 


CORALLINE CRAG. 


201 


to them. It is questionable, however, whether all these can really 
be ascribed to the era of the Red Crag. Not a few of them may 
possibly have been derived from older strata, especially from those 
Lower Miocene formations to be described in the next chaj)ter, which 
are largely developed in Belgium, and of which a fragment only 
(the Hempstead beds of Forbes) escaped denudation in England. 

Many of the fossils found in the Red Crag have been washed out 
of older Tertiary strata, especially out of the London Clay. This is 
]>articularly the case in one of the lower beds, which has of late been 
much used in agriculture for manui'e, a'. contJiining nodules of 
])hosphate of lime. These nodules often include crabs and fishes 
like those of the London Clay, and thus clearly betray the date 
of their origin. With the nodules (in wliich there is nearly 60 per 
cent, of phosphate of lime), occur rolled flint pebbles, and others of 
sandstone, containing casts of crag-shells and many ear-bones of 
whales. Some teeth of the Mastodon nrver?iensis, and of a rhi- 
noceros and ta])ir, have also been found in the same bed, which has 
been worked near F elix^tow among other places. As to the ear-bones 
of cetacea, Professor Henslow found those of two or three distinct 
species in this detrital bed at Felixstow. They belong, according 
to Professor Owen, to true whales of the family JJalcB7iid(e (fig. lod.). 
Mr. Wood is of opinion that they are of the age of the Red Crag, 
or if not that they may be derived 
from the destruction of beds of Coralline 
Crag. 

IVklte or Cornllhie Crag. — The lower 
or Coralline Crag is of very limited ex- 
tent, ranging over an area about 20 iftiles 
in length, and 3 or 4 in breadth, between 
the rivers Aide and Stour. It is gene- 'I'yinpjunc bone of 
rally calcareous and marly — a mass 

of shells, bryozoa*, and small corals, passing occasionally into a soft 
building stone. At Sudbourn, near Orford, where it assumes this 
character, are large quarries, in which the bottom of it has not been 
I’eaclicd at the depth of 50 feet. At some places in the neighbour- 
hood, the softer mass is divided by thin flags of hard limestone, and 
bryozoa placed in the upright position in which they grew. 

From the abundance of these bryozoa or coralloid mollusca the 
lowest or White Crag obtained its popular name, but tiue corals, as 
now defliicd, or zoaiitliaria, are very rare in this formation. 

The distinctness of the fos&ils of the Coralline from those of the 
Red Crag, arises in ])art from their higher antiquity, and, in some 

* Ehrcnbcrg proposed in 1831 the The term Polyzoum, synonymous with 
term Bryuzoum^ or “ Moss -an i mill,” for Bryozoum. was, it seems, proposed in 
the molluscous or nscidian form of polyp, 1830, or the year before, by Mr. J. V. 
charaeterized by having two openings Thompson, but is less generally adopted, 
tf) the digestive sack, as in Esvhara^ The animals of the Z^(;aN//iana of Milne 
F/ustra, Rctepora, and other zoophytes PMwards and llaimc, or the true corals, 
))opularly included in the corals, but have only one opening to the stomach, 
now classed by naturalists as lucilusca. 
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degree, from .1 difference in the geographical conditions of the 
submarine bottom. The prolific growth of echini, bryozoa, and a 
prodigious variety of testacea, implies a region of deeper and more 
tranquil water ; whereas, the Rod Crag may have been formed after- 
wards on the same spot, when the water was shallower. In the 
mean time the climate became decidedly somewhat cooler, and some 
of the zoophytes which flourished in the first period disappeared, so 
that the fauna of the Red Crag acquired a character more nearly re- 
sembling that of our northern seas, as is implied by the largo de- 
velopment of certain sections of the genera Fusus^ Buccinum^ Pur- 
j)ura, and Trochus^ proper to higher latitudes, and which are wanting 
or fl'ebly represented in the inferior crag. 

8ome of the corals and bryozoa of the lower crag of Suffolk belong 
to genera unknown in the living creation, and of a very peculiar struc- 
ture ; as, for example, that represented in the annexed figure (155.), 


Fig. 155. 

a ft 



Fascicularia aurantf'um, Milne Edwards. Family, Tubultportifa , of samp autliur. 
Dryozoan of extinct genus, from the inferior or Coralline Crag, Suffolk. 

(I- exterior. b, vertical section of interior. r. portion of exterior Tnagnified. 

d, portion of interior magnified, showing that it is made up of long, thin, straiglil tubes, united 
in cunu'.d biiiidlcs. 


which is one of several species having a globular form. The groat 
iiiimi)cr and variety of these zoophytes probably indicate an equable 
climate, free from intense cold in winter. On tlie other hand, that 
the heat was never excessive is confirmed by the prevalence of 
northern forms among the testacea, such as the Glycimeris, Cyprma^ 
and Astarte. Of tlie genus last mentioned (s(‘e fig. 15(>.) there are 
about fourteen species, many of them being rich in individuals ; and 


Fig. 1.5t!. 



Aslartc {Crassina, I^arn.) ; species common to Upper and Ixiwer ('rag. 


Astarle Omalut I.iOunkaire ; Syn. A. biparttta^ Sow. Min. Con. T. 521. f. :i. ; a very variable species, 
most characteristic of the Coralline Crag, Suflulk. 
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thero is an absence of genera ])eculiar to hot climates, such as Conus^ 
Olivay Mitra^ Fasciohiria^ Crassalella^ and others. The cowritjs 
( Cyprcca, fig. 153.), also, are small, and belong to a section (IVivia) 
now inhabiting the colder regions. A large volute, called Valuta 
Lamherti (fig. 157.), may seem an exception ; but it differs in form 
from the volutes of the torrid zone, and may, like the living Valuta 
Mayellanica^ liave been fitted for an extra- tropical climate. 


Fill. \h7. 


Fig. 158. 




Volutn Lamfin/i, young 
individ., C'ur. unci 
Crag. 


Pt/tvla reticulata^ Lam.; 
'Corullinc .Crag, Kain- 
hholt. 


Fig. 159. 



Tenmerhinus ercavatvs, 
I'orbcK ; Tnunop/rurus 
ercavatun^ Wood ; Cor. 
Crag, lUinsholt. 


The oceurrence of a species of Lingnla at Sutton (see tig. 160.} 
is wortliy of remark, as these Brachiopoda seem now confined to 
more equatorial latitudes; and the same may be said still more 
decidedly of a s])ccies of Ppruln^ supposed by Mr. AVood to be iden- 
tical with 1\ reticulata (fig. 158.), now living in the Indian Ocean. 
A genus also of echinoderms, called by Professor Forbes Tcmnechinns 
(iig. 159.), is peculiar to the Kcd and Coralline Crag of Suffolk. The 
only sp(*<*ies now living occur in the Indian Ocean. 

OiK^ of the most interesting conclusions deduced from a careful 
<*oin|)jirison of the shells of these liritish Older Plionme strata and 
the fauna of our jireseut seas, has bt*en pointi;d out by Professor E. 
Forbes. It ajqiears that, during the glacial ])criod, a j)ori(xl inter- 
mediate, as we liave seen, between that of the crag and our own time, 
many shells, previously establi.slied in tlie temperate zone, retreated 
sou til wards to avoid an uncongenial climate. The Professor has 
given a list of fifty shells which inhabited the Pritish seas while the 
Coralline jliuI lied Crag were forming, and which, though now living 
in our seas, are all wanting in the glacial deposits. They imistthere- 
fon*, after their migration to the south, which look place during the 
glacial period, have made their way northwards again. In corro- 
boration of these views, it is stated that all tliese fifty species occur 
fossil in the Newer Plioceiie strata of Sicily, Southern Italy, and the 
Grecian Archipelago, where they may have enjoyed, during the era 
of floating icebergs, a climate resembling that now prevailing in 
liigher European latitudes.* 

The following tables have been drawn up for me by Mr. Samuel 

* E. Furbes, Mem. Gcol. Survey Gt. Brit., vol. i. p.3S6. 
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P. Woodward, showing tlio results of a comparison of the lists of 
Crag shells described by I^Ir. Searles Wood in his excelhuit mono- 
graph on the fossil tostacea of the British Pliocene formations. The 
list of the Norwi(;h Crag shells has been corrected and enlarged by 
Mr. Woodward himself. They exhibit clear evidence of a gradual 
refrigeration of climate, which went on in the area of England from 
the time of the older to that of the most modern Pliocene strata, a 
refrigeration which had already been inferred from an examination 
of tlie Crag shells in 1846 by the late Edward Forbes.* 


Xumher of loiown Sperics of Marine Teatncen in the three Ejiglish 
Pliocene Deposits, culled the Norwich, the lied, and the Coralline 
Cra(js.\ 

Bracliiopoila - 6 

Ctiiirhifera - 210 

Gasteropoda - 220 


Total - 4.S6 


Distribution of the above Marine Testacea. 

Norwich Crag - - 110 — of which 84 are peculiar, 

lied Crag - - 219 — „ 48 „ 

Coralline Crag - - 817 — », 188 ff 

Species common to the 


Norwich and Ilc<l Cpig, and not in Coralline - - 42 

Norwich and Coralline, and not in Red - - 8 

Red and Coralline, and not in Norwich - - - 108 

Norwich, Red, and Coralline - - - - 81j 


Proportion of Recent to Extinct Species, 


Norwich Crag 
Red (>Hg - 
Coralline Crag 



Hccont. 

Kxtinct. 

I’lT-ccnt.ifff of Itcccnt 

- 

- 98 

12 

89 


- 132 

87 

00 

. 

- 165 

152 

52 


Recent Species not living now in British Seas, 


Norwich Crag - 



Nortlicrn. 

15 

Southern. 

0 

JtiMl Crag 

- 

- 

- 11 

19 

Coralline Crns - 

- 

- 

1 

28 


In the above list the shells of the ^.xhicial beds, those, for example, 
of the Clyde, Errol, and Elie, and Moel Tryfaen (pp. 15;5. and 159.), 
and other British deposits newer than the Norwich Crag, have not 
been included. The land and freshwater shells have also l)een pur- 
posely omitted, as well as sonic London Clay shells, and others sus- 
pected to be spurious. 

* Mem. of Gcol. Survey, London, } These 31 species must be added lo 
1846, p. 391. the numbers 42, 3, and 103, respectively, 

t The 25 shells peculiar to Bridling- in order to obtain the full amount of 
ton (p. 198.) arc not included in the common species in each of those cases. 
Norwich Crag shells of these tables. * 
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By far the greater number of the recent marine species iiiclinled 
in these tables are still inhabitants of the British seas ; but even 
these differ considerably in their relative abundance, some of the 
commonest of the Crag shells being now extremely scarce ; as, for 
example, Buccinum Dalei^ and others, rarely met with in a fossil 
state, being now very common, as Murex erinacetis and Cardium 
echinatum. 

The lust table throws light on a marked alteration in the climate 
of thi^ three successive periods. It will be seen that in the Coralline 
Crag th(*re arc 28 Southern shells, including 26 Mediterranean and 
1 West Indian species {Erato Maugerke). Of these only 16 occur 
in tlie Red Crag, associated with 6 new Southern species, while the 
whole of them disapp(‘ar from tlui Norwich beds. On the other 
lijind, tlie Coralline Crag contains only 2 sludls closidy related to 
living Northern forms, namely, Admcte and Limopsis ; wh(»reas, in 
th(i Red Crag, as stat(‘d in the table, there are 11 Northern spe- 
cies all common to the Norwich Crag, in which last we have also 
4 additional inhabitants of the Arctic regions; so that there is 
good evidence of a continual refrigeration of elirnatc! during th(» 
riiocene period in Britain. The presence of the^e Northern shell> 
cajmot be explained away by supposing that they were inhabitants 
of the deep parts of the sea ; for some of them, such as TvUina 
rulcarea ( = 7’. obliqna) and Astarte (wrfffli.% occur plejitifiilly, and 
sometimes with the valves united by their ligairnmt, in company with 
other littoral shells, such as jVga arenaria and Littorina rudis^ and 
e^ idently tiot thrown iq) from deep water. Yet the Northern 
character of the Norwich Crag is not fully shown by simply saying 
that it contains 12 Northern species. It is the predominance of 
< (*rtain genera and ^])ecies, such as Bhgnchonella psittacea^ Tellioa 
calcnrcd^ Aatarte horealisy Scalaria gnrnlaadica^ and Vums cari- 
uatits, which satisfies tin* mind of a eonchologist as to the Arctic 
character of the Norwich Crag. In like manner, it is the pr(?stmce 
of such genera as Pgrula, CohunhvUa^ Tnubra, Cassidaria, Phola- 
donnja^ Lingula^ Dhchau and others, which give a southern aspect 
to the Coralline Crag shells. 

The cold, which had gone on increasing from the time of the 
Coralline to that of the Norwich Crag, continin'd, though not perhaps 
without some o>cilhitions of temperature, to become more and mon; 
severe after tluj a ecu miration of the latter, until it reached its 
maximum in what has been called the Clacial epoch. The marine 
fauna of this last period contains, both in Iridand and Scotland, 
n‘c<*nt s[)ecies of mollusca now living in Creeidand and other seas 
far north of the areas where we lind their remains in a fossil stare. 

Antwerp Crag, — Strata of tlie same ag(‘ as the Red and Coralline 
Crag of Suffolk have been long known in the country round Antwerp 
aiul on the banks of the Scheldt, below lliat city. More than 
200 species of testacea had been collecteil by MM. De Wael, Nyst, 
and others, when 1 visited Antwerp in 18") I, of Avliieh two-third> 
were ideii titled with Suffolk fossils by Mr. Wood. Among these he 
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rocognizorl Lingula Duniorfieri of Nyst (fig. 160.), wliicli I found 
ill iibuudance in what wiis called by M. de Waol the Middle Crag. 

Kjo. More than lialf of the shells of this Antwerp 

deposit agree with living species, and these 
b(‘long in great part to th(i fauna of our 
Northern seas, though some Mediterranean 
species apjiear among them. I also met with 
numerous cetae(*an bones of the generji Jlalat- 
nnptera and Ziphius in the Upper Antw(*rp 
J.itifUifii Dnntorticri. Nyst. Crag, 'riiey arc not rolled, as if wasluMl out 
rag. of oldor bcLs, and I infer that the animals to 


which they belonged once coexisted in the same sea with the asso- 
(.•iat(‘d fossil moll u sea.* 

Three divisions of the Antwerp Crag have been roeognized by 
llie Ihdgiaii geologists : first, the Uppermost or Yellow Crag, in which 
81 sp(*ci(‘s of shells were known Avhen I gr^ve a list of them in 18o2; 
secondly, Ihe Middle (h'ag, from w'hich 91 species were known; and 
ihirdly, the Lowest or Jllack Crag, from which 6o sh'dls had been 
f)blained. "I1iis bed derives its narm* from the dark colour of most 
of the sand, which consists of green grains of glauconite. 

Then* can be no doubt that the two fii*st formations are referable 
to the Ohler Pliocene jieriod, the Yellow Crag containing about 60 
p(‘r cent, of recent speci(*.s, while the Middle or CJi’('y (Irag contains 
about ."0 j)er cent. Their close connection with the Ked and Coral- 
line ('rag of Suffolk is equally cl(‘ar, for in a list of ">2 shells from 
the Upper or Yellow (Vag, and of 94 from the IMiddle Crag, there 
are only 7 species which are not found in the British formations of 
eorres])Oiiding age. As we might have exj)ected, the Upper Antwerp 
Crag agrees mon* with the Ked Crag of Lnghind, wdiile the shells 
of the ^Middle Antw'<*rp ('rag (rorrespond more with the Older or 
C’oralline group of Suffolk. 

But when w’l* come to the Low'est or Black Crag wm* are beginning 
t(j pass beyond the limits of the; Ohler Pliocein* formations, and ap- 
proaching the Miocene. Only two-thirds of the slndls agree wdtli 
tho.>e of the Coralline Crag, and somewhat less than Jialf ofthe fossil 
.Species an; identifiable with species still living. TJu'y seem to form 
the first links of a chain of passage by which we shall in time be 
conducted without a break to chose older formations, the Upper 
M ioceiie of Belgium, to be treated ^f in tli^ next eliapter. 

Normauthf . — I ob.'^ei-ved in 1840 a small patch of sludls correspond- 
ing to those ofthe Suffolk Crag, near Valognes, in Normandy ; and 
there is a deposit containing similar fo.-si Is at St. George Bohon, and 
several jdaces a few leagues to the south of Carentan, iu Normandy ; 
hut they have never been traced farther southwards. 


OLDER 1»LI0(;ENE FOlOT.VTIONS IN ITALY. 

Suhapemdne strata . — Hie ApenniiH»s, it is well known, are com- 
posed chiefly of secondary rocks, forming a chain which branches olf 

* Lycll on Belgian Tcrtiarics, Quart. Journ. Geol. Soc., 1852, p. 282. 
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from the Ligurian Alps and passes down the middle of the Italian 
peninsula. At the foot of these mountains, on the side both of the 
Adriatic and the Mediterranean, are found a series of tertiary strata, 
which form, for the most part, a line of low hills occupying the space 
between the older chain and the sea. Brocchi, as we have seen 
(p. 182.), was the first Italian geologist who described this newer 
group in detail, giving it the name of the Subapeuuine ; and he 
classed all the tertiary strata of Italy, from Piedmont to Calabriji, as 
parts of the same system. Certain mineral characters, ho observe<l, 
were common to the whole ; for the strata consist generally of light 
brown or blue marl, covered by yellow calcareous sand and gravel. 
There Jire also, he added, some species of fossil shells which ai’e found 
in these deposits throughout thcj whole of Italy. 

We have now, however, sntisfiictory evidence that the Subapennine 
beds of Brocchi, although chiefly composed of Older Pliocene strata, 
belong nevertheless, in part, both to older and newer meunbers of the 
tertiary series. The strata, for example, of the Suj)erga, near Turin, 
are Miocene ; those of Asti and Parnia Older Pliocene, as is th(‘ blue 
marl of Sienna; while the shells of the incumbent yellow sand of the 
«amo territory approach more nearly to the r(‘cent fauna of the Medi- 
terranean, and mtiy be Newer Pliocene. 

We have seen that most of the fossil shells of the Older Pliocene 
strata of Suffolk which ani of recent species tiro identical with 
testacea now living in British seas, yet some of them t)clong to 
.M(iditi‘rranean species, and a f(*w even of the genera are those of 
warmer climates. We might therefore expect, in studying the fos- 
sils of corresponding ag(; in countries bordering the Mediterranean, 
to find among them .some species and genera of wnrmer latitudes. 
Accordingly, in the ninrls belonging to this period at A.>ti, Parnui, 
Sienna, and parts of the Tuscan and Homan territories, we observe 
the gener.a Cypnea, Stromhus^ Pyntia, JSlitra,, Fasciolaria, 

Sifptrvtns, Del phimila, Ancilinria, Oliva^ Terchvllttm, Tvrehra^ Pvr/ta^ 
Plicatuln^ and Corhis^ some characteristic of tropical seas, others 
re[)i (*sented hy species more numerous or of larger sizcj than those 
now ju’oper to the Mediterranean'. , 

The proportion borne by the recent to the extinct species varies 
in the same district, as JVofessor Ponzi pointed out to nu*, in 18o7, 
in the neighbourhood of Home, according to tlui place in the series 
occiipi(!d by difiereiit sets of superimposed marls and sands. 

The classification of these several members of the l^lioeeiie period, 
and the se})aiatioii of tlieiii from the Miocene, is a task tlie aecom- 
plislmient of which will tax flic skill and industry of the Italian 
geologists for many years to come. 

I have already alluded to the Newer Pliocene deposits of the 
Upper Val d’Arno above Florence, and stated that below tliose sands 
and conglomerates, containing the remains of the Elephas meridional is 
and other associated cjiiadrupeds, lie an older horizontal and conform- 
able series of beds, which may be classed as Older Pliocene. They 
consist of blue clays with some subordinate layers of lignite, and 
exhibit a richer flora than the overlying Newer Pliocene beds, and 
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one receding farther from the existing vegetation of Euroj)e. They 
also comprise more sf)ecies common to the antecedent Miocene period. 
Among the genera of flowering plants M. Gaudin enumerates Pinus, 
Gh/ptostrohuSf Taxodium^ Sequoia^ Ilex^ Quercus, Prunus, Platanvs^ 
Almis, UlmuSy Ficus, Lanrus, Persea, Oreodnphne Ifil.), Cinnn- 
momnm. Cassia, Acer, Juqlans, Petula, Rhnmiius, Carya, lihas, 
Smilax, Sassafras, Psoralea, and some others. 

This assemblage of plants indicates a warm climate, but not so 
subtropical a one as that of the Upper Miocene period, which will 
presently be considered. 

M Gaudin, jointly with the Marquis Strozzi, has tlirown much 
light on the botany of beds of the same ago in another part of 'ruscaiiy 
;it a place called Montnjone, between tlie rivers Elsa and Evoln, 
where, among other plants, is found the Oreodaphne Heerii, Gaud, 
(see fig. 161.), which is probably only a variety of Oreodaphne faitens. 


Fig. IGl. 



(irroihiphnr Utm'i. 
LtMl lialt luit. size.* 


Fig. IC2. 



or the laurel called the Til in Miideira, where, as in the Canaries, it 
ernistitiites a large |)()rlion of the native woods, but cannot now 
(‘inlure the climate of Europe. *'i the fossil spi'cimens the same, 
glands or protuberances as those which are observed in the axils of 
ilie |)rimary veins of the leaves in the recent Til are pr(!served.t 

Another plant also indicating a warmer climate is the Liquidamhar 
t nroptcum, Erong. (M.*e fig. 16*2.), a species nearly allied to L. styra- 
cijhinm, L., which flourishes in i lost places in the Southern States of 
!North America, on the borders of the Gulf of Mexico. 

As the leaves come netirer to this American form, while the fruit, 
according to Ileer, is smaller and nearer to the Syrian Liquidamhar 

* Fenillcs fossilos de la Tosranc. Cuntributions a la Flore fossilc Italicnne. 
Gaudin and Strozzi. Plate li. iig. 3. t Gaudin, p. 22. 
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orientate^ the fossil may, according to the doetrine of transmutation, 
linve been the original stock from which both have diverged. The 
Javanese Liqnidanibar is very distinct; the fossil, according tu 
llc(*r, ranges from the Older PI ioceue to the Newer Miocene, but the 
genus has now disaj)peared from Eiiro))<‘. 

'The 'ruscjin bine marls of various localities, from which the ahove- 
m(‘nlionpd llora was ohtaiij(‘d, have yielded species of marine 
mollusea, in which 1(3, according to M. Karl Mayer, are recent. 

Arnlo- Caspian forma f ions. — This name lias bemi given by Sir It. 
Murchison and M. de V(‘rnenil lo the limestone and jissociatt‘d sandy 
beds of brackish-water oidgin, which have; l.((‘n traced over a very 
extensivi* area, surrounding the Ca.spian, Azof, and Aral Seas, and 
parts of lJi(* norllu^ni and weshTii coasts of the Hla( k S(*a. Tin* 
Ibssil sh(*lls are parti v freshwater, as J^alndina, Ncri/ina^ ike., ami 
jiai tly marine, of (lu‘ family Car/iiaritp and Mt/fili, The species are 
i(l(‘nrical. in great part, with tliose now inhabiting tlio Caspian; ami 
wIkmi not living, tliey are analogous t(» forms now found in the inland 
sea.^ of Asia, rather than to oceanic lv])es. 'Tlie limestom* rises occa- 
sionally to th(‘ h(*iglil of several hundred fe(‘l abovc^ tli(‘ sea and is 
.>up|)OM‘d to indicate (he foiiner e\i>(ence of a vast iidand sluM t <jf 
brai-kish water as large a> the Mcalitmranean, or larger. 

'riie projmrtiou ol* n'cent s]>ecies agre<‘ing witli tli(‘ fauna of the 
('aspian is so coiisideralde, as to leave no d;onb( in tb(‘ mind^ of tin* 
geologists abov<' cited tbal this ro<‘k, also called by tbefti the Steppt* 
liimc'-tone,” belongs to the Pliocene period.’^ 


lieol Rie'^ia ]». liT'i. 
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CHAPTER XIV. 

MIOCENE PEUIOD. 

Upper Miocene strata of France — Faluns of Tourainc — Depth of sea and littorsil 
character of fauna — Tropical climate implied hy the tcstacca — Proportion of 
lecent species of shells — Faluiis more ancient than the Suffolk Cra» — Varieties 
of Voliitu Lamberti peculiar to Fuluiis and to Suffolk Cra^ -The same 
Species are common to more than one geoloj^ical Period Lower Miocene strata 
of France — Kcniurks on classification, and where lo draw the line of sejmratioii 
between Miocene and Eocene strata — Relations of the Grt,** de Fontainebleau to 
the Faluns and to tlie Caleairc Grossicr — Lower Miocene strata of ('entral 
France —Lacustrine strata of Aiivorjjne -Iiidusial limestone -Fossil inainmalia 
of the Limagne d’Auvergne — Freshwater strata of the Cantal — Its reseinhiance 
in some places to white chalk with flints — Proofs of gradual deposition — Miocene 
strata of Bordeaux and South of France U})()er Miocene siiata of Gers 
J)r}*opithccu> — Helgian and British Miocene formations- Edegliani beds near 
Antwerp -Diyst sands of Belgium and eonteiT)))oraneous iron-sands of North 
Downs — Upper Miocene beds of Belgium ---Bohlcrherg — Lower Mioeeiic 
strata of Kleyn Spaweii- -Hempstead beds, Lie ot Wight — Bovey 'fracey Lig- 
nites in Devonshire — Isle of Mull Leaf-beds— Miocene formations of Germany 
— Maycnee ba**!!! — Ujiper Miocene beds of Vienna basin — Lower Miocene of 
Croatia - Fossil Lepidoptera — Oligoceue strata of Professor Bt'yrioli — Miocene 
strata of Italy. 

MIOCENE .STHATA OK HIANCK. UPPER MIOCENE KALUNS OK 

TOURAINK. — MIOCEN E FORM AT J ON S. 

The strata which wc meet with next in the ileseemling order are 
those <*alled hy' many geologists “ IMiddh; Tertiary,” for whieJi in IH.'h'J 
1 proposed the name of Miocene, stdeeling flie “ faluns ” of the valii y 
of the Loire in PVanee as iny example or type. 

I shall now Will (hese faluniaii deposits Upper Miocene, to di.stiii- 
guish them from others to which Ihe iiaim* of Lower Miocene will he 
given. 'Fhe latter were classed oy me in former editions of this work 
as UpptM* Eocene, and the reasons which have induced nK3 to alter 
this chis>ification will hit fully ex])lained to the reader in this and 
the following chapter. The term “ faluns ” is givi^n provineially hy 
French agriculturists t^) shelly sand and marl spread over tJie land in 
Touraine, just as the “ crag ” was formerly much used to fertilize fhe 
soil in Suffolk. Isolateil inas.s(*s of such faluns occur from near tie* 
mouth of the Loire, in the neighbourhood of Nantes, to as far inlainl 
us a district .south of Tours. They are also found at Pontlevoy, on the 
Cher, about 70 miles above the junction of that river with the Loire, 
and 30 miles S.E. of Jours. Deposits of the same age also ap))ear 



Ch. XIV.] 


FALUNS OF TOURAINK. 


211 


under new iniTieral conditions near the towns of Dinan and Rcnne>, 
in Brittany. I have visited all the localities above enumerated, and 
found the beds on the Loire to consist principally of sand and mar), 
in which are shells and corals, some entire, some rolled, and otlnirs in 
minute fragments. In certain districts, as at Done, in the Departnunit 
of Maine and i oire, ten miles S.W. of Saiimur, they form a ^o^l 
building-stone, chietly composed of an aggregate of broken shell>, 
bryozoa, corals, and echinoderms, united by a calcareous cement ; 
tin* whole mass being very like the Corulliiuj Crag near Aldborougli 
and Sudbourn in Sulfolk. The scattered patches of faluns are of 
slight thickness, rarely exceeding fifty feet; and between the dislrici 
call(*d Sologne and tluj sea they re])os(; on a great variety of older 
rocks ; being seen to rest successively upon gneiss, clayhlate, various 
secondary formations, including the chalk ; and, lastly, upon the 
upper freshwater limestone of the Parisian tertiary series, which, as 
before mentioned (p. 182.), stretches continuously from the basin of 
the Seine to that of the Loire. 

At some points, as atLouans, south of Tours, the shells an* staiin d 
of a ferruginous colour, not unlike that of the R(*d Crag of Snfhdk. 
'Flui s|)ccies are. for tin*, most part, mariin*, but a f(5w of them belong 
to land and tluviatih*. genera. Among the former, Helix tnionensis 
(tig. 45. ]). 30.) is the most abiindant. Re- 
mains of terrestrial (piadrnpc'ds are liere 
and there intermixed, belonging to the ge- 
nera I)inoth(‘rium (fig. 162 «.), Mastodon, 

Rhinoceros, Hippopotamus, Clueropotu- 
mus, Diehobune, Deer, and others, ainl 
these* an* accompauieid by cetacea, »iieh 
as the Lamantine, Morse, S(‘a-calf, and 
Dolphin, all of extinct species. 

Professor Forbes, alter studying the 
fossil t(*staeea Avliich I obtained from these 
b<*ds, told me that he had no doubt that 
they were formed partly on the shore w#//, Kanij 

itself at the level of Ioav water, and ])artly at very moderate depth", 
not (*xceeding ten fathoms beloAV that levt*l. The molluseous fauna 
of tlie “ faluns ” is on the whole much more littoial than that of the 
Red and Coralline Crag of Suffolk, and implies a shallower sea. It 
is, moreover, (contrasted with the Siitfolk Cnig by the indicatioiH it 
affords of an extra- European climate. Thus it contains seven species 
of Cyprita, some larger than any existing cowry of the Mc'diterraman, 
several sficftues of 0/ira, Anciliana, x1////v/, Tcrebrn, Pyrula^ has- 
cinlaria, and Conus. Of the cones there are no less than eight 
species some very large, whereas the ojily European cone is of di- 
minutive size. The genus h^erita, and many others, are also rejire- 
sented by individuals of a type now cliaracteristie of equatorial sc:t>, 
and wholly iiidiki^ any Mediterran(*a!i forn»s. These ])roofs of a more 
elevated temperature seem to imply the higher anti(iuity of the fnluii.^ 
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compared with (lie Suffolk Crag, and arc in perfect accordance 
with the fact of flic smaller proportion of tcstacea of recent specie> 
found in the faluns. 

Out of 290 species of shells, collected by myself in 1840 at 
Pontlevoy, Louans, llossee, and other villages twenty miles south ot 
Tours, and at tSavigne, about fifteen miles north-west of that ])lace, 
s(*venty-two only could be identilfied witJi recent species, which is in 
liie proportion of twenty-five per cent. A large nurnher of the 290 
.'•pecies are common to all the localities, those peculiar to each not 
I cing more numerous than wo might expect to find in difiirent bays 
( f the same sea. 

The total number of testaceous moUusea from the fahins, in iny 
possession, is .‘302, of which forty-five only Avere found by Mr. Wood 
ii> he common to the Suffolk Crag. The number of corals, including 
i ryozoa and zoantliaria, obtidned by me at Done, and other localities 
heforo adverted to, amounts to ^brty-thI(^'^ as determined by jMr. 
Lonsdale, of which seven (one of them a zoanthariau) agree spi*- 
( ideally with those of the Siiftblk Crag. Only om^ has, as yet, h(*en 
identified with a living s]>ecies. Hut it is difficult, notwithstanding 
the advances reccmlly made by MM. Dana, Miliu^ Edwards, Hainie, 
and Lonsdale, to institute a satisfactory comparison lK‘tween recent 
;ind fossil zoaiitharia and bryozoa. Some of the genera occurring 
to.Nsil in Tonraine, as the Asirea^ De?id?'nphi/l/in^ JAinnlites^ have not 
been found in European seas north of the Mediterranean; neverthe- 
less the zoantliaria of the faluns do not seiMii to indicate on thoAvliuh* 
so warm a climate as would be inferred from tin* sludls. 

It Avas stated that, on comparing about 300 s])i‘eii*s of Touraiue 
shells Avith about 4 q 0 from the Suffolk Crag, forty -Jive only Avere 
fuiiiid to be common to both. Avbicb is in the proportion of onl\ 
fifteen jier cent. The saiiu* small amount of agreem/*nt is found in 
the corals also. I formerly cndeaA'ounHl to reeoiieile this inarkcMl dif- 
ference in species Avith the su|)|)os(*d eo-existence of tin* tAvo faiina^. 
hy imagining them to have severally belonged to distinct zoological 
provinces or two seas, the one ojieniiig to the north, and the other to 
the south, Avilh a barrier of land betAveen them, like the ]>thmns of 
Suez, separating the Ked S(*a and the Medilerraii/*aii. 13ut I noAv 
abandon that idea for several reasons ; among oth/*rs, b(*eause I siie- 
eeeded in 1841 in tracing the Crag fauna soutliAvards in ^s^ij-inandy 
to Avitliin seventy miles of the Er/unian type, n(*ar Diiifin, yet found 
that both assemblages of fossils retained tlndr distinctive eliaraeti*rs. 
s'lOAving no signs of any blemling .ofspe.cies or transition of elimati*. 

On a comjiarisoii of 280 Mediterranean shells Avitli (300 Hritish 
s[)ecies, made for me by an experi<*iiced eoneliologist in 1841, 1(50 
A'/. -re found to be common to ooth collections, which is in the pro- 
portion of fifty-seven per cent., a fourfold great(*r specific ri\-embhince 
than betAATcn the seas of the crag and tin* faluns, notAvithstanding 
the gn‘ater g(‘ographical distance between England and tiui Me<Ii- 
terranean than between Suffolk and the Loire. TIkj principal 
grounds, lioAvever, for referring the English Crag to the Older 
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Pliocene and the French faluns to the Upper Miocene epochs, consist 
in tlie predominance of fossil shells in the British strata ideiitifiablt* 
with species, not only still living, but which are now inhabitants (0* 
iicighbonring seas, while* the accompanying extinct sj)ecies arc of 
geiKjra such as characterize. Kurope. In the faluns, on the contrary, 
the recent species are in a decided minority ; and most of them ar#* 
MOW inhabitants of the Mediterranean, the coast of Africa, and thii 
Indian Ocean ; in a word, less northern in character and pointing 
to the prevalence of a warmer climate, 'fhey indicate a state of 
things reci*.ding farther from the present condition of Central Euro]>e 
in physical g(*ography and climate, and doubtless, therefore, reced- 
ing larther from our era in time. 

Among the coiis|)iciK)us slndls which are common to the faluns of 
ihe Loire and the Suffolk Crag is the Volufn Jjtmhvrti^ before men- 
tioned, page 203. All the speeim(*.ns of this shell whicdi I have my- 
*^0 If collected in Tonraine or have seen in museums arc thicker and 
lieavicr than British individuals of the same wsp{‘cii‘s, and shorter j i 
proportion to th(*ir width, and have the folds on tlie columella • li --s 
oblicjue, as rcpres(*ntcd in the annexed ligurcs. 


Fig. nil? b. 


Fig. 




Valuta Lamberti, 


V. Lambeth. 


V.'irif'ty rhar.icteristi(’ of I'.iliiiis 
of Tour.iinc. 


V.irirty characrmstlc of Suffolk Crag. 
Pliucenv. 


Mr. Searles Wood lias fully appreciated these constant ditferences, 
but has, I think, with jiropricty regarded the two forms as mere 
varieties, or races of one and the same species. It is remarkable, 
liowever, that the late Alcide d’Orbigny who so often founded 
species on very fine dislinction.s, should have coincided in this view. 
It may. I think, be fairly assumed that he would not have done so 
liad he not imagined the Suffolk Crag to be idmitical in age wilh 

* A. cfOrbigny, Cours Klemcntairc de Paleoiitologic, vol. ii. pp. 793. 797., 1852. 
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Ilu* fuliins of tho Loire, not being aware that it differed in so many 
important respeets, (‘specially in its approach to the living fauna of 
the neighbouring sea, from the French deposit. He was one of those 
naturalists who advocated the doctrine that there was a complete 
distinction between the fossil species of j)criods standing next to 
ra(*h other in chronological succession. Had he rankt*d the faluns 
as Mioc(uie and the crag of Suffolk as Pliocene*, he would not have 
assimilated two forms so easily distinguishable. This we are entitled 
to infer from his refusal to admit tho specific agreement of any 
falnnian and living shells, and, what is still more remarkable, his 
refusing to allow the existence of more than 44 recent species out 
nf 437 in his new(‘r or Suba]>eiinine group. He divided the whole* 
t(‘rtiary series into five stages, each sup])osed to mark an era of 
lepose on the earth’s surface, at the end of which all the living 
inhabitants were annihilated by a great catastrophe, the earth being 
afterwards repeopled with a new set of forms. Even when he, was 
forced to admit that oik* or two in a hundred of the fossils ])asscd 
from one formation to another, he was inclined to attribute that 
>mall amount of agreement to the washing of dead shells from older 
into newer strata. This docirine of the alxolute distinction of 
>pecies in formations next in the order of succession would scarcely 
he worth referring to now that it is so generally r(‘j(‘ctedby the most 
oxj)cri(*nced geologists, were it not for the great ingenuity with 
wlii(di some of its advocates have defended their vi(‘ws. When the 
shells are confess(‘dly undistinguishablc, it has sometimi's been sng- 
irtstcd, that if the soft parts of the animals had 1)(‘(*n prescTved, th(*y 
would pndmbly have been found to ditl’er. On the otlier Inind, it i^ 
not nninstrnetive to note liow easily palaeontologists of unciiie.stion- 
:il)le merit can, if they" are undm* tin* influence of a tlieorv, such 
that above alluded to, iind specific distinctions whcn‘V(‘r they" art* 
wanted, or, on the other hand, juoiiounce the same to have im*rel\ 
the value of a variety. 

The ])oiiitH of diflerenee expressed in the two figs. lf)2 h. and lf)3. 
may be regarded by the same zoologist as mere rae(*> or g(*ograi)hieal 
\ arieties so long as both are believ(*d to belong to tho same j)reei.se 
ma, )>ut they" will tak(5 the rank of species if om* be regarded a- 
.Afiocene and the other as Pliocene. Spee.inH*ns have oceasioiialls 
been found of this volnt(* in the Coralline Crtig Avhieh lielp to connec t 
the Touraine form withtliatof tlieKc-d (h*ag, hut It often hap|icns in 
analogous case's that no formation of intermediate age is extant, and 
iln*!! all intermediate gradations, all evidence of tlK*re having be(*n a 
p}i>sa"e from one form to tho other, and of both having had a com- 
mon descent, may" be lost. Zoologists, whether they adopt or reject 
the theory of the origin of specicis hy natural selection, are still bound 
to be consistent with themselves in regard to the amount of devia- 
tion fromc(*rfain types which shall be deemed sufficient to constitute 
a sp<*cific diffiT(*nce. It is sufficiently" difficult to arrive at philo- 
sopliical conclusions when tlu^ (diaracters relied on are strictly tho>e 
of the external forms and internal peculiarities of individuals ; hut 
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when once our specific deterroinatioiis arc V>ia3scd by geological or 
geographical considerntioiis, tlicro is an end of all reasonable hope 
of coming to consistent results. 


LOWER MIOCENE STRATA OK FRANCE. 

Jlemarlt!^ on rirtsslfiraf iofi, and where to draw the line of separation 
between Miocene and Eocene strata. — The marine faluns of the valley 
of the Loiri^ liave b(‘(ui already described as resting in some places 
on a fr(*sli\vater tertiary limestone, fragments of which linve been 
broken off and rolled on the* shores and in tin; bed of the Miocene 
sea. Such fx'bblcs are frequent, at Pontlovoy on the Chcu% with 
hollow.s drilled in them in which the peHbrating marine shells of the 
Kalunian period still remain. Such a mode of super|)osition implies 
an interval of time between the origin of the freshwater limestone 
ainl its snbinergene(‘ beneath the waters of the Upper Miocene sea. 
Th(‘. linu'stone in question forms a ]>art of tlu‘ formation call'd the 
Ualcaire de la Ileauce, which constitutes a larger tabhdand betwe(‘ii 
the ba.sins of th(*, Loire and tlic' Seim*. It is a>sociated with marls 
and other deposits, such as may have been formc'd in marshes and 
shallow lakes in the newest part of a gn'at delta. Beds of flint, 
continuous or in noduh's, accumulated in these lakes, and aquati(‘ 
plants calk'd Charce, left their stems and s(‘ed-vess(*ls embedded bote 
in th(^ marl and flint, tog(*ther with freshwater and land shells. Some 
(d‘ the siliceous rocks of this formation are used extensivedy for mill- 
stones. 'Lh(‘ flat summits or platforms of the hills round J^aris, and 
lirge areas in the fon'st of Fontainebleau, as well as the Plateau rlo 
Im lk'auc(‘, alre:idy allu(h*d to, an* chiefly composed of these* frt'sh- 
wat<‘r strata. Next, to tln-se in tin* descending order are marine 
sjinds and sandstone, commonly called the Gres de Fontainebleau, 
from which a considerable niimb(*r of shells, very distinct fi om tlnK-«e 
of the faluns, have be(*n obtained at Ktainp(*s, south of Paris und at 
l\b)ntinartre and otln*r hills in Paris itst*lf, or in its suburbs. At 
tin* bottom of lhes(* sands a green clay occurs, containing a small 
oyster, Osfrea ct/athnht, Jjam., which, although of slight thickness, is 
spread ov(*r a wid(* area. T\i\a clay n*sts immediately on tin* Paris 
gvpsnm, or that series of beds of gypsum and gypseous marl from 
which Unvi(*r first obtained several species of Palcotin*rium and 
oih(*r extinct mammalia.* At this poiTit rln^ majority of French 
geologists liMVc^ always drawn tin* line belwe«*u the Middle, and 
Lower Tertiary, or betwi*en the Miocene and Loceno formations, 
regarding the Fontainebleau sands and the Ost?'ea ctfuthnla clay as 
the base of the Miocene, and the gypsum with its mammalia as the 
top of tln^ Focene group. From that method of classification 1 
formerly dissented, agreeing with M. Deshaves that the fossils of 
the marine sands showed a niuch great<*r afTinity to the subjacent 
Foccin* formations than to the more modern faluns of Touraine. I j 


* See below, Chap- XVI. 
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Jiis da>si(;:il work on tin; fossil shells of the environs of Paris (1824- 
37) he had described twenty-nine species from the Fontainebleau 
sands, of which some few could be identified with fossils belonpin^ 
to the older Calcain; (drossier, whereas no one of them was common 
to the falniis of Toiiraine. He also insisted on the general aspe(;t or 
facies of the fauna bearing a far greater rescjinblance to tlui t(istacx*a 
of the older or Eocene group than to that of the faluns. 

A few years alter the ])ublication of my “Principles of Gt'ology ” 
(vol. iii.) in 1833, tlie directors of the Government Survey of France, 
MM. Dufrenoy and E. de Heaumoiit, ndcrredtln* Paris gy])sum in their 
geological map to the Eocene, and the overlying marine sands and 
Calcairo de lalleaiiceto the Miocene, the faluns of Touraine being n*- 
garded by them as constituting an upper division of the same Mioccuu^ 
series. M.d’Arehiac, in 1 839, ado])tt‘d the same method; and M. Alcide 
d'Orbigny, in his Paleontology in 18.52. classed the (ires de Fontaim*- 
bleau, or “Sables Superieurs,*’ as “Faliinici* A,” and the faluns (U* 
the Loinj as “Falunien 15,” thus giving in his adhesion to the same 
system of classification. That there should have been much differ- 
ence of opinion on this subject was very natural, for, at the linn* 
when I first took part in the controversy, tlunv seome<l very litth* 
prospect of bridging over the wide gap between tbe two foiMiiation- 
which it was thus ])roposed to link together in one group. In 18.57, 
by aid of a railway cutting at Etampes, the number of marine .•shells 
derived from the Fontainebl(*au sands was suddenly raised from 29 
to 90 species. Tin; iiewly-discoven‘d fossils fiirni.''h(‘d arguments 
both for and against tin* views of those whodesin'd to ref(*r the strata 
containing th(*m to the Miocene rather than to the Eoc(*ne s(*rie-. 
A'i bearing against those* views, may lu* mejilion(*d tlui fact that none 
<»f the 5)0 shells agreed with sp(*cies proper to the faluns of tin* Loire, 
while some of them wei(? identical with (!alcair(^ Grossi(‘r sp(‘ci(*>. 
This was the more worthy of note because fttampe.^ is within s(*venty 
miles of Fontlevoy, n(*ar Plois, and not more than 100 mil(*s from 
Savigne, near Tours, two localities wh(*n* the fnlunian shells are 
very abundant. So striking a difference between the speci(*s of the 
valley of the Loire and those of the basin of tin* Seine, when we 
c onsider the contiguity of the spots above alluded to, could not be the 
result of geographical distribution at one and the same era, but must 
<‘vidently have dcpcrnled on a great difference in the age of the de- 
posits. It marked the influence of Time, and not of Space. 

On the other hand, in favour of grouping the Etampes or Fon- 
^•^inebleau sands with tin* newer Falunian rather than with the older 
Eocene formations, M. Hebert pointed out that a majority of the 5)0 
Etampes and Gres de Fontainebleau fossils agreed specifically with 
-hells which, in H(*lgium, Mayeiice, and other localities, liad been 
shown by the labours of MM. Dumont, Ny.st, De Koninck, and 
Hosquet to occupy a vticy distinct geological position above tin* 
typical Eocene scries of the Paris basin, and of which the eejuiva- 
ients at Mayence had long been rccognizetl as Miocene. M. Hebert 
also published, in 18oo, a map descriptive of the areas of two tertiary 
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seas, wrhieh .succ(‘e(l(‘d each otlier in the Paris basing— the first that 
of the Calcaire Grossier, and the second that of tlie Foulainehlesui 
Sands, — showing how marked is the want of coincidence betwe(*n 
them ; a fact which iin])Iies the occurrence of great geographical 
«*liaiiges in the interval of time between the two t;ras companid. In 
the explaiiiitioii of his map he gives his reasons for regarding the 
zone of Cerithium pHcatum, or that of the Fontainebleau Sands, as 
tlie most convenient line of demarcation between Lower and Middlt* 
'I'ertiary, or between Eocene and Miocene.* 

When I was hesitating as to the course which it would be most 
expedient to take in drawing the line between Eocene and Miocene, 
M. Lartet, the distinguished French zoologist, whose writings on 
fossil mammalia are of such acknowledged value, remarked to nu‘ 
that although tluj fossil t(‘stacea of the Fontainebleau Sands show a 
prepoinhTancii of aflinities towards an Eoccanj fauna, and small con- 
)U‘ction with the faluns of Touraine, yet, on tins other hand, the 
fnvshwatcr “Calcaire d(5 la Ileauce,” immediately overlxing tht* 
Fontainebleau Sands, and other lacustriin^ formations in Auvergne 
ami Central France, as well as the fossilihjrous strata of the Mayenct* 
basin, cannot he inclmhvl in the same Eocenti system without doing 
\iolenc(5 to [)al(‘ontological principles. The grouping of the fossil 
mammalia, he observed, becomes less natural by such an arrange- 
ment ; for not only many genera, Imt even 'some specie^, are found 
on both sides of tlie arbitrary line of dmnarcation thus drawn b<‘- 
tw(^mi Eocmie and Miocene. The gmiera Dorcatherium^ Caino- 
fhetinm^ AnckUkeriam^ and TiUniomys^ for exainpl(», and lihimwerox 
tncisicua ami olluu’s, would Iheri'by be made eominoii to Eocene and 
Miocene. 

Other Jirgnimmts drawn from fossil botany in favour of uniting 
the (tivs de Fontainebleau ami ialuiis in one group will be more 
fully set forth in the next chapter, when 1 treat of the tertiary strata 
called “Molasse ” in Switzerland, and of the German Brown Coal. 

My unwillingness to include the Fontainebleau Sands ami other 
strata of tlic! same age in the Miocene E]K)ch arose* })artly from the* 
necessity thereby incurred of abandoning for such deposits tlie deli- 
iiitioii which I had already given of the term Mio<*eiie as imply- 
ing that a markcid proportion, though a minority, of the fossil shells 
belong to living species. I liad felt myself obliged, even in ISIEI. to 
disregard this ditliciilty, when, in tlie lirst edition of the ‘‘Principles 
of G(*ology,” I edassed tlie strata of the Mayi‘iice basin as Miocene, 
eomreiving that, although ulmo>t every species of shell was extinct, 
they liad more aflinity with the Fuliinian than with the Eocene for- 
niiitioiis. From the lirst I had advocated thcvloctrine that there has 
h(!en a continual coming in of new species, and dying out of old ones, 
and a gradual change in the pliysical geography and climate of tluj 
earth, and not such a recurrence of sudden revolutions in the animate 
and inanimate worlds, as was, in 1833, insisted upon by many Eiigli>ii 


^ Bulletin, 1856. toin. xii. p. 7G0. 
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geologists of note, and is still Tnaintained by some eminent eon- 
tiuental writers. I therefore foretold that from time to time new 
sets of strata would come to light, and require to bo intercalated 
between those already described, in which case the fossils of some 
of the newly-found beds would “deviate from the normal types first 
sidected, and approximate more and more to the types of the ante- 
ced(mt or subsequent epochs.*’ According to this view, it was 
obvious from the first that the oldest Miocene records, whenever 
they w(‘re detected, would not be easily distinguishable from the 
vouiigcst members of the Kocene scries, especially in the proportion 
of the living to the extinct species of fossil shells. The importance, 
imleed, of the latter test must diminish rapidly tin? more we recede 
irom the Pliocene and ajiproaeh the Miocene, and still mon* the 
Eocene formations, although it is never without its value, and often 
furnishes the only common standard of comparison b(‘tween strata of 
very distant countries. To this subject of classification, or the line 
of demarcation between the Eocene and Miocene strata, I shall again 
refer in this and the sixteenth chapter. 

Lower Miocene strata of Central France , — Lacustrine strata, Ix*- 
longing, for the most part, to the same Miocene system as the Cal- 
caire de la Ileauct*, are again met with in Auvergm*, Cantal, and 
Velay, the sites of which may be seen in the annexed map. They 
appear to be the monuments of ancient lakes, which, like some of 
those now existing in Switzerland, once occupied tin* d(*pn*ssi()ns in 
a mountainous region, and have been each fed by om* or mon? riveis 
and torrents. TJie country where they occur is almost entin'ly com- 
posed of granite and dilfereiit vari(*,ties of granitic schist, with here 
and there* a few patches of secondary strata, much dislocated, and 
wliich have probably siitfered great denudation. Tlicre are also some 
vast jiilcs of volcanic matter (see the map), the gi (*at(‘r part of which 
\> newi*r tlian the freshwater strata, and is sometimes s(*cn to rest 
upon tJiem, while a small part has evidently been of cont(*mporan(*ous 
origin. Of these igneous rocks I shall treat mon^ particularly in 
another part of this work. 

Before entering into any details, I may obsi*rve that the study 
of the>e regions possessi's a peculiar interot, v(‘r\ di>tinct in kind 
from that derivabhj from the investigation either of the Parisian or 
hhiglisli tertiary areas. For we are presented in Auvergne with the 
evidence of a series of (*vents of astx,ni>hing magnitude and grandeur, 
by wliich the original form and features of the country have b(*en 
greatly changed, yet lujver so far obliterated but that they may still, 
in part at least, be restored in imagination. Gn*at hikes have dis- 
appeai’ed — lofty mountains have been formed, by the reiterated 
emission of lava, preceiled and followed by showers of sand and 
scoria* — di*ep valleys have been subs(*quently furrowed out through 
mass(*s of lacustrine and volcanic origin — at a still later date, new^ 
cones have be(*n thrown up in these valleys — new lakes have been 
formed by the damming up of rivers — and more than om; creation of 
quadrupeds, birds, and plants, Eocene, Miocene, and Pliocene, have 
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Fir. ir,4. 



follo\v(Ml in surcossioii ; yet (hv region has presorvi‘<l from firsf to 
last its geographical identity; and we can still recall to our thoughts 
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its ext(?rn«‘il (ioiiditiori juid |)liysic;jil structure before these wonderful 
vicissitudes be*rjiii, or wliilo a part only of the whole bad been com- 
pleted. There av:is first a pt'riod when tin* spacious laki's, of which 
we still may trace the boundaries, lay at the* foot of mountains, of 
mod(‘rate eh^vation, unbroken by the bold p(*aks and precipices of 
Mont Dor, and unadorned by tin? pieturescpie outline of the Puy d<‘ 
Dome, or of the volcanic cones and craters now coveriii”- the ;;^r;uiitic 
platform. Durin;^ this earlier scene of repose deltas were slowly 
formed ; b(‘ds of marl and sand, S(‘veral hundred f(-*et thick, dcpositctl ; 
siliceous and calcareous rocks precipitate* 1 from the waters of mineral 
'^prinjTs ; shells and insects enib(*dd(‘d, together with the remains of 
the crocodile and tortoise ; the eirgs and bon(*s of water-birds, and 
tin* .skeletons of (piadrupeds, most of them of genera and speci(‘«i 
<*haracteristic of the Miocene jieriod. To this trancpiil condition of 
the surface succeeded the era of volcanic eruptions, wlieii the lakes 
were drained, and when the fertility of the incMintainous district was 
probably enbaneed by the igneous matter ejected f»*oin below, and 
poured down upon the more* sterile granite. During thc'.^e eruption-, 
which appear to have taken place towards the elo'Jtj of the Mioceiuj 
epoch, and which continued during the Plioccm*, various asstmi- 
i)luges of *(na<lriipeds successively inhabited the di.strict, auKuig-it 
which are found tin* genera mastodon, rhinoceros, eh‘phanl, tapir 
hippO[)otamus, together with the ox, various kinds of deer, tln‘ hear, 
hyuMia, and many beasts of prey which ranged the lor«‘sl, or |)a.s(nn'(I 
on the plain, and were o<*easioiuilly overtaken by a fall of burning 
cinders, or buried in flows of mud, such as accompany volcanic 
eru])tioii«. Lastly, thes*; (piadrupcds became (‘xtinct, and gave place' 
in their turn to the spe<;ies now existing. TIkmc, are no signs, 
during the whohj time recpiired for this series of ev(*nrs, of tlni s(‘a 
having intervene*!, nor of any denudation winch may not liav** lu‘*‘n 
acx'omplislied by currents in the difler**iit lakes, <;r by rivers and floods 
aeeompanying re[)(*ated enrtlnpiakes, or subterranean mo\*‘ment<, 
during wliich the levels of the district have in some places h*'eii 
materially inodifieil, and j)erhap.s the wJi*)le u]>raised relatively to tlir 
surrounding parts of France. 

Aurerfjne. — The most northern of the freshwat**r grou])s is situ- 
at'd in the vall<*y-]dain of the Alli**r, wliieli lies within tin? <l(‘part- 
m<*nt of the Piiy d*? Dome, b<‘ing the tract which went form**rly 
by the iiiuiie of the Limagiie <rAii\'**rgne. It is **nch)se(l by two 
parallel rnoiintairi raiigt's, — that of the Forez, wliich divich's the 
waters of tlm jA>ire anil Allier on the ea>t; and that of th*‘ Monts 
l)om*?s, wliich .separat's the Allier from llu? Simile, on the west.’^ 

J he average breadth of this tract is about twenty mil**s ; ami it is for 
the most fiart composed of nearly horizontal strata of sand, saml- 
stoiie, calcaivouH marl, clay, ami lime.stj)n*?, non** of wlii*?h ohsm-ve 
a fixed and invariable order of superposition. The aiiciiiiit borders 
of the lake, wherein the freshwater strata were nccuinuhited, may 


* Scrope, Geology of Central France, p. 1.). 
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g(Miorally bo traced with precision, the granite and other anci< 3 nt rockh 
rising up boldly from the level country. TJie actual junction, how- 
ever, of the lacustrine b(*ds and the granite is rarely seen, as a small 
valley usually intervenes between them. 'J'he freshwater strata may 
.sometimes be seen to retain their horizoutality within a very slight 
distance of tln^ border-rocks, while in some places they are inclined, 
and in few instances vertical. The principal divisions into which 
the lacustrine series may be separated are the Ibllowing: — hst, 
Sandstone, grit, and conglomerate, including red marl and red sand- 
stone ; 2dly, Green and white foliated mails; ililly. Limestone, or 
travertin, ofOm oolitic in structure; 4thly, (iypseous marls. 

1. a. Sandstova and conglomerate . — Strata of sand and gravel, 
sometimes bound togetlier into a solid rock, are found iii great abun- 
dance around the coniines of the lacustrine basin, containing, in 
ditlerent places, pebbles, of all the ancient rocks of the adjoining 
(*levat(‘d country ; namely, granite*, gneiss, mica-schist, clay-slate, 
|)orphyry, and others, but without any intermixture of basaltic or 
other tertiary volcjinic rocks. These strata do not form oiu? con- 
tinuous band around the margin of the basin, being rather disposed 
like the independent deltas which grow at the mouths of torrents, 
along the borders of existing lakes. 

At Chamalieres, near Clermont, we have an example of one of 
these deltas, or littoral deposits, of local extent, where tin* pebbh 
ImmIs slope away from the granite, as if they had formed a talii'^ 
beneath the waters of tin? lake ii(‘ar the steep shon*. A section ol‘ 
about fifty fe(‘t in V(*rtieal lieight has boon laid open by a tornmt. 
and tin*, pebbles an* seen to eoiisist throughout of rounded and 
.angular fragments of granite*, (piartz, prirn.ary .slate, and red sand- 
.-lone. J^irtial layers of lignite ami ])ieees of wood are found in these 
beds. 

At soim* loealities on tbo margin of the basin, qnart/ose grits are 
lonnd; and, when* tli(*M* r(*st on granite, th(*y an* somt‘times forineil 
of sepai-ate <*ryst:ils of (piartz, mica, and felspar, deriviMl from the 
disintegrated granite, the erystals having been snbseipiently bound 
togetlier l»y a silicieous eement. In tliese cases the granite seems 
regimerated in a new and nun'e solid form ; and so gradual a passage 
(;ikes place between llie rock of cryslallim^ and tliat of mechanical 
origin, tlnit w(* can scarcely distingni>h where one ends and tlie 
other begins. 

In tin; hills called the Tny de Jiis^at and La Ivoebe, we have the 
advunlagi* oi' sei*iiig a section continuously ex|)os(*d for abimt 700 feet 
in thickness. At the bo! loin are foliated marls, Avliite and gr(*en, 
about 400 fei't thick ; and ;ibov(*, rt*sting on the marls, are thequartzose 
grits, cem(*nli*d by calcareous matter, Avhich is .sometimes so abundant 
;is to form embedded nodules, 'rhese soinetimi*s constitute sph(*roidal 
concretions six fe(*t in diameter, and pass into beds of solid lime- 
stone, resembling the Italian travertins, or the d(‘jiosits of ininenii 
springs. 

1 . 6. Red tnarf and sandstone . — Hut the most remarkabh* of the 
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arenacpoiis jrroups is c)n(^ of* rod sandstone and red marl, which are 
identical in all their mineral characters with the secondary New Red 
sandstone and marl of En inland. In these secondai*y rocks tlie red 
ground is sometimes vario;rat<id with light greenish spots, and tin*, 
same may be; seen in the tertiary formation of freshwater origin at 
Coudos, on the Allier. The marls are sometimes of a pnrjdish-red 
colour, ns at Chainpheix, and are accompanied by a reddish-lime- 
slono, like the well-known “ cornstoiie,” which is associatiMl with the 
Old Kod sandstone of English geologists. The red sandstone and 
marl of Auvergne have evidently been derived from the degradation 
of gneiss and mica-schist, which are ^ecn m situ on the adjoining 
hills, decomposing into a soil very similar to tin; tertiary r<*d sand 
and marl. We also find pebbles of gneiss, mica-schist, and (piart/. 
in the coarser sandstones of this group, clearly pointing to tin; 
parent rocks from which the sjind and marl are d(Tived. The red 
l)(*ds, although destitute tlnunselv os of organic remains, ])ass upwards 
into strata containing t(^rtiarv fossils, and are certairdy an integral 
part of the lacustrine formation. From this exam])le the studmit 
will learn how small is tlu^ value of mineral character alone, as a 
tc>t of the relative age of rocks. 

2. Green and white foliated marls , — Tlui same primary rocks of 
Auvergne, which, by the partial degradation of tlieir harder parts, 
gave rise to the quartzo'C grits and conglomerates before mentioned, 
would, by the reduction of the same* materials into powder, and by 
tile decom])osition of their felspar, mica, and hornblimile, produce 
aluminous clay, and, if a sufficient quantity of carbonate of lime 
was present, calcareous marl. This fine sediment would naturally 
be carried out to a greater distance from the shore, as are tin* 
various liner marls now deposited in Lake Superior. And as, in the 
.Vinericaii lak<‘, shingle and sand are annually amas>ed near tin) 
northern shores, so in Auvergne the grits and coiiglomerales before 
mentioned were evidently formed in‘ar the borders. 

The entire thickness of these iiiurls is unknown ; but it certainly 
exceeds, in some places, 700 feet. They are, for the most part, 
either light-green or wdiite, and usually caleanjous. They are 
thinly foliated — a character which freqinmtly arises from the in- 
numerable thill sluJls, or carapace-valves, of that small crustacean 
called Ct/pris^ which is ])rovidcd with two small valves, not imliki* 
those of a bivalve .shell, and nio'dts its inti'guiiients jieriodicully, 
which the conchiferous mollusks do not. This circumstance imiy 
partly explain the countless myriads of the shells of Ct/pris which 
were shed in the ancient lakes of Auvergne, so as to give ris<‘ to 
divisions in the marl as tiiiii as pa[»er, and that, too, in stratified 
masses several hundred feet thif’:. A more convincing proof of the 
trarupiillity and clearness of the watei’s, and of the slow and gradual 
proci^ss h}'^ which the lake was filled up with tine mud, cannot he 
desired. Hut we may easily suppOM* that, while this fine sediment 
was thrown down in the deep and central parts of the basin, gravel, 
sand, and rocky fragments w^re hun-ied into the lake, and deposited 



Ch. XIV.] INDU8IAL 1.IMESTONK, ACVKBGNK. 223 

iiPivr the shore, forming the group described in the preceding 
section. 

Not far from Clermont, the green marls, containing the Cypris in 
ahundanct;, approach to witliin a few yards of the granite which forms 
tlie borders of the basin. The occurrence of these marls so near the 
ancient margin may bo explained by considering that, at the bottom 
of the ancient lake, no coarse ingredients were deposited in spaces 
int(^nnediate between the points where rivcTs and torrents entered. 


Fig. )C5. 



Vorlual itrata «f marl, at Cliarapradclle. near Cli-nnonr. 

A. (iranitr. B. Space of 6<) feet, iti which no section is seen. 

C. Green marl, vertical and inclined. I>. White marl. 

l)ut finer mud only was drifted there hy currents. Th(' verticalily of 
some of tlic beds ill the aiiove section bears testimony to considerable 
local disturbance subsequent to ilie deposition of the marls; but such 
in(*liii(*d and vertical strata are very rare. 

il. lAmestoHe^ travertin^ oolite . — Both the preceding members of 
the laeustrine deposit, the marls and grits, pass occasionally into 
limestone. Sometimes only concr(*tionary iiodul(*s abound in them ; 
but these, where there is an increase iu the quantity of calcareous 
matter, unite into regiihu* beds. 

On eacli side of the basin of the Limagiic, botli on the we.<l at 
Oannat, and on the east at Vichy, a white oolitic limestone is quar- 
ried. At Vichy, the oolite re.seniblcs our Bath stone in a])pearance 
and beauty ; and, like it, is soft when first taken from tlui (piarry, 
but soon Ji:ird(?ns on exposure to the air. At Gannat, the stone 
<'ontains hind-shells and bones of quadrupeds. At Chadrat, in tl»e 
hill of La Serre, the limestone is pisolitic, the small spheroids com- 
bining both the radiated and concentric structure. 

Indusial limestone . — 'riiere is another remarkable form of fresli- 
watcr limestone in Auvergne, called indiisial,” from the eases, f.r 
indfisue^ of caddis-worrns (the larvae of Phryganea) \ great h(*ups of 
'A'hieli have been encrusted, as they lay, by carbonate of liin(\ and 
formed into a hard travertin. TIui roek is sometimes puridy cal- 
careous, but then*, is occasionally an intermixture of siliceous matter. 
Siwcral beds of it are freipieiitly .seen, either in continuous masses, 
or ill con end io nary nodules, one upon another, with layers of marl 
int(».rposed. The annexed drawing (fig. 166.) will show the manner 
in which one of these indusial beds («) is laid open at the surfac(\ 
between the marls (6, b\ near the ba.se of the hill of Gorge via ; and 
affords, at the same time, an e.\aniple of the extent to which the 
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lacustrine striiUi, which mint once have filled a hollow, have been 
di‘nuded, and shai)ed out into hills and valleys, on tin; site of tha 
ancient hikes. 

1‘iK icn. 



lU'ii of iiuiiicMl liiiiestonr, in itilictl with fn iil, nivir ('lerii)nni ( KW-iiis( Iirmh 


We niav (d’loii observe in onr ponds th(‘ Plinir/nnrn (or Caddie- 
flv), in its CMti rpilhir state, covered with small Ih'sh water shells, whieli 
tliev havi» the power of lixing to the outside ol* their tubular ca'-es, 
in order, jnobably, to gi v<‘ them weight and strength. TJie indiv iduaJ 
figured in the annexed eut, which belongs to a S])ecie.s vitv abundant 

in England, has covered its ease with 
slndls ol* a small l^lanarhis. In tin* same 
manner a large* species of caddi>-worm 
which swarmed in the Koceiie lakes of 
Auvergne wuis neeiislonu'd to attsn-h to 
its dwelling tin* shells eif a small spiral 
Larva of rrciMit /'//ry^/rtwi’/i * nilivclve of the geiUlS A llllll- 

d?-ed of the se miimte* she Is are sometiine*< se*e*n arraiigeel aie»und one 
lube*, part of tlie eeiitral eavity of whie*h is e)fle*M empty, the rest 
bi hig tilled lip with thin eoncentrie lasers of traveTtin. Thei eaM*s 
ba\<* berii thrown toge*the*r eoiifiisedly, and ofti'ii lie*, as jn fig. J(i8.. 
at riglit angle's one to the other. When we eonsider that ten eir 
twelve tubes are* parked within ♦heeoriipa^s of a enhie inch, and that 
'^ome* single* strata of this limestone are* si.x feet tiiick, and may U- 
traee‘d ove r a coiisiderahh* are*H, wcinay form some* idea of the comif- 
lo'^s numher of insee'ts and molhisca whmh cemlrihute'd their integu- 



J bi lie-vc that the Uriiisli spcrinicn here* figured is P. rhomhirn, IJim. 
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mcDts and shells to compose this singularly constructed rock. It is 
unnecessary to suppose that the Phryganecs lived on the spots where 
their coses are now found ; they may have multiplied in the shallowi 
near the margin of the lake, or in the streams by whicli it was fed, 
and their cases may have been drifted by a current far into the deep 
water. 


Fig. IGS. 



a. Indusial limestone of Auvergne. h. Fossil Pa/uefma, magnified. 

In the summer of 1837, when examining, in company with Dr. 
Bock, a small lake near Copenhagen, I had an opportunity of wit- 
nessing a beautiful exemplification of the manner in which the 
tubular cases of Auvergne were probably accumulated. Tliis lake, 
calk'd the Fuiire-Soe, occurring in the interior of Secland, is about 
twenty English miles in circumference, and in some parts 200 feet in 
dejjth. Round the shallow borders an abundant crop of weeds and 
rushes may be observed, covered with the indusite of the Phrgganea 
grandis and other species, to which shells are attached. The plants 
which suppoi’t them are the bulrush, Scirpus lacustris^ and common 
reed, Artindo phragmites, but chiefly the former. In summer, espe- 
cially in the month of June, a violent gust of wind sometimes causes a 
current by which these plants are torn up by the roots, washed away, 
and floated off in long bands, more than a mile in length, into deep 
water. Tire Cypris swarms in the same lake ; and calcareous springs 
alone are wanting to form extensive beds of indusial limestone, like 
those of Auvergne. 

4. Gypseous marls, — More than 50 feet of thinly laminated gyp- 
seous marls, exactly resembling those in the hill of Montmartre, at 
Paris, are worked for gypsum at St. Romain, on the right bank of 
the Allier. 'Fhey rest on a series of green cypridiferous marls 
whicli alternate with grit, the united thickness of this infi'rior groufi 
being seen, in a vertical section on the banks of the river, to exceed 
250 feet. 

General arrangement, origin, and age of the freshwater formations 
of Auvergne, — The relations of the diflerent groups above described 
cannot be learnt by the study of any one section ; and the geologist 
who sets out with the expectation of flnding a fixed order of succes- 
sion may perhaps com])lain that the different parts of the basin give 
contradictory results. The arenaceous division, the marls, and the 
limestone may all be seen in some places to alternate with each 
other ; yet it can by no means be affirmed that there is no order of 
arrangement. The sands, sandstone, and conglomerate constitute in 
general a littoral group ; the foliated white aud green marls, a cou- 
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tempornneous central deposit ; and the limestone is for the most part 
subordinate to the newer portions of both. The uppermost marls 
and sands are more calcareous than the lower ; and we never meet 
with calcareous rocks covered by a considerable thickness of quart- 
zose sand or "reen marl. From the resemblance of the limestones to 
the Italian travertins, we may conclude that they were derived from 
the waters of mineral springs, — such springs as even now exist in 
Auvergne, and which may be seen rising up through the granite, 
and precipitjjtiiig travertin. They are sometimes thermal, but this 
rhiiractcr is by no means constant. 

It seems that, when the ancient lake of the Limagne first began to 
be tilled with sediment, no volcanic action had yet produe.ed lava and 
scoriae on any ])art of the surface of Auvergne. No pebbles, tliere - 
fore, of lava were transported into the lake — no fragments of volcani(! 
rocks embedded in the conglomerate. But at a later period, when a 
considerable thickness of sandstone and marl had accumulated, erup- 
tions broke out, and lava and tuff were deposited, at some spots, al- 
ternately w'ith the lacustrine strata. Jt is not improbable that cold 
and thermal springs, holding different mineral ingredients in solution, 
became more numerous during the successive convulsions attending 
this development of volcanic agency, and thus deposits of carbonate 
and sulphate of lime, silex, and other minerals were produced. 
Hence tluise minerals jiredominate in the uppermost strata. Tlie 
subterranean movements may then have continued until they altered 
the relative levds of tJie country, and caused the waters of the lakes 
to be drained off, and the farther accumulation of regular freshwater 
strata to cease. 

We may easily conceive a similar series of events to give rise to 
analogous results in any modern basin, sucJi as that of Lake Superior, 
for example, where numerous rivers and torrents are cariying down 
the detritus of a chain of mountains into the lake. The traiisi)ortcd 
materials iiiUht be arranged according to their size and weight, the 
coarser near the slion% the finer at a greater distance* from land; but 
in the gravelly and sandy beds of Lake Superior no pebblCvS of modern 
volcanic ro(;ks can be included, since there are none of tluise at present 
in the district. If igneous action should break out in that country, 
and produce lava, sconce, and thermal sjwings, the deposition of gravel, 
sand, and marl might still continue as before ; hut, in addition, then* 
would then be an intermixture ^f volcanic grav(;l and tuff, and of 
rocks precipitated from the waters of mineral springs. 

Although the freshwater strata of thcj Limagne approach generally 
to a horizontal position, the pr(M>fs of violent local disturbance are suf- 
ficiently numerous to allow us to suppose gniat changes of level 
since the lacustrine period. We are unable to assign a northern 
barrier to the ancient lake, although we can still trace its limits to 
the west, and south, where they were formed of bold granite 
emiiHuices. Nor need we be surprised at our inability to restore 
entirely the physical geography of the country after so great a series 
of volcanic eruptions ; for it is by no means improbable that one part 



Ch. XIV.] LOWKR MIOCENE STRATA — AUVERGNE. 227 

of it, the southern, for example, may have been moved upwards 
bodily, while others remained at rest, or even suffered a movement 
of d(‘pression. 

It is scarcely possible to determine the ago of the oldest part of 
the freshwater series of the Limague, large masses both of the sandy 
and marly strata being devoid of fossils. Some of the lowest beds 
may be of Upper Eocene date, although, according to M. PomeJ, 
only one bone of a Paleotherium has been discovered in Auvergne. 
But in Velay, in strata containing some species of fossil mammalia 
common to the Limagne, no less than four species of Paleothere have 
been found by M. Aymard, and one of these is generally supjmsed to 
be identical with Pahotherium magnum^ jin undoubted U^per Eocene 
f'ossil, of the Paris gypsum, the other three being peculiar. 

Not a few of the other mammalia of the Limagne made known to 
us by the labours of MM. Bouillet, Bravard, Croiz(‘t, Jobert, Laizer, 
Bobert, Aymard, and Pomcl, belong undoubtedly to genera and 
species elsewhere proper to the Lower Miocene. Thus, for example*, 
the Caiiiotherium of Bravard, a genus not far removed from Bhe 
Anoplotherium, is represented by several species, one of which, as I 
learn from Mr. Waterhouse, agrees with Microtherium Rengyeri of 
tlie Mayeiicc basin. In like manner the Amphitragulus elegans of 
Pomel, an Auvergne fossil, is identified by Waterhouse with Dorca- 
therinm nanum of Kaup, a Rhenish species from Weissennu, near 
Mayenco. A small species also of rodent, of fhe genus Titanoinys of 
H. von Meyer, is common to the Lower Miocene of Mayence and 
the Limagne d’ Auvergne, and there are many other points of agree- 
ni(‘nt which the discordance of nomenclature tends to conceal, A 
remarkable carnivorous genus, the Hyaiiiodon of Laizer, is repre- 
sented by more than one species. The same genus has also been 
found in the Upper Eocene marls of Ilordwell CUiff, Hampshire, just 
])eluw the level of the Bern bridge Limestone, and therefore a furnia- 
tion older than the Gypsum of Paris. Several species of ojiossuni 
{Didefp/iis) arc met with in the same strata of tlic Limagne. I'lie 
association of such genera as Dinotherium, Tapir, Anthracotherium, 
and Rhinoceros with tliose tibove mention(*d, helps to connect the 
Auvergne fauna with the Upper Miocene, but the species are differ- 
ent from those of the neighbouring faluns of tlio Loire, or those of 
Sansaii, in the South of France. Nor do the Upper Mioeenc s])ecies 
appear, so far as we yet know, in the overlying volcanic formations 
of Auvergne, where the (juadrupeds hitherto discovered belong 
eirluT to the older or newer Pliocene periods. 

I'he total number of mammalia enumerated by M. Pomel as apper- 
taining to the Lower Miocene fauna of the Limagne and Velay, falls 
little short of a hundred, and with them are assoeiated some large 
crocodiles and tortoises, and some Ophidian and Batrachian reptiles. 

CantaL — A freshwater formation, already alluded to, of about the 
same ago and very analogous to that of Auvergne, is situated in 
the Depariinent of Haute Loire, near the town of Le Puy, in 
Velay ; and another occurs near Aurillac, in Cantal. The leading 
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feature of the formation last mentioned, as distinguished from those 
of Auvergne and Veiny, is the immense abundance of silex associated 
with calcareous marls and limestone. 

The whole series may be separated into two divisions ; the lower, 
composed of gravel, sand, and clay, such as might have been derived 
from the wearing down and decomposition of the granitic schists of 
the surrounding country ; the upper system, consisting of siliceous 
and calcareous marls, contains subordinately gypsum, silex, and 
limestone. 

The resemblance of the freshwater limestone of the Cantal, and 
its accompanying flint, to the upper chalk of England, is very in- 
structive, i^id well calculated to put the student upon his guard 
against relying too implicitly on mineral character alone as a safe 
criterion of relative age. 

When we approach Aurillac from the west, we pass over groat 
lieatliy plains, where the sterile mica-schist is barely covered 
with vegetation- Near Ytrac, and between La-Capclle and Vis- 
camp, the surface is strewed over with loose broken flints, some of 
them black in the interior, but with a white external coating ; others 
stained with tints of yellow and red, and in appearance precisely 
like the flint gravel of our chalk districts. When heaps of this 
gravel have thus announced our approach to a new foniiation, wo 
arriv(5 at length at the escarpment of the lacustrine beds. At tlu* 
bottom of the hill which rises before us, we see strata of clay and 
sand, resting on mica-schist; and above, in the quarries of Belbet, 
Leybros, and Bruel, a white limestone, in horizontal strata, the sur- 
face of which has been hollowed out into irregular furrows, since 
filled up with broken flint, marl, and dark vegetable mould. In 
these? cavities wo recognize an exact counterpart to those which arc 
so numerous on the furrowed surface of our own white chalk. Ad- 
vancing from these quarries along a road made of the white lime- 
stone, which reflects as glaring a light in the sun as do our roads 
composed of chalk, we reach, at length, in the neighbourhood of 
Aurillac, hills of limestone and calcareous marl, in horizontal strata, 
separated in some places by regular layers of flint in nodules, the 
coating of each nodule being of an opaque white colour, like the 
exterior of the flinty nodules of our chalk. 

Tlie abundant supply both of siliceous, calcareous, and gypseous 
matter, which the ancient lakes France received, may have been 
connected with tlie subterranean volcanic agency of which those 
regions were so long the theatre, and which may have impregnated 
the springs with mineral matter, even before tlie great outbreak of 
lava. It is well known that the hot springs of Iceland, and many 
other countries, contain silex In solution ; and it has been lately 
afflrmed, that steam at a high pressure is capable of dissolving 
quartzose rocks without the aid of any alkaline or other flux.* 
Warm water charged with siliceous matter would immediately part 


See Proceedings of Royal Soc., No. 44. p. 233. 
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with a portion of its silex, if its temperature was lowered by mixing 
with the cooler waters of a lake. 

A hasty observation of the white limestone and flint of Aurillac 
might convey the idea that the rock was of the same age as the 
white chalk of Europe ; but when we turn from the mineral aspect 
and composition to the organic remains, we find in the flints ot the 
Cantal seed-vessels of tlie freshwater CharUy instead of the marine 
zoophytes so abundant in chalk flints;, and in the limestone we nleet 
with shells of Limneay PlanorbiSy and other lacustrine genera. 

Proofs of gradual deposition , — Some sections of the foliated 
marls in the valley of the Cer, near Aurillac, attest, in the most un- 
equivocal manner, the extreme slowness with which the materials 
of the lacustrine scries were amassed. In the hill of Barrat, for 
example, we And an assemblage of calcareous and siliceous marls, 
in which, for a depth of at least 60 feet, the layers are so thin, that 
thirty are sometimes contained in the thickness of an inch; and 
when they are separated, wo see preserved in every one of them the 
flattened stems of Charoiy or other plants, or sometimes myriads of 
small Paludince and other freshwater shells. These minute foliations 
of the marl resemble precisely some of the recent laminated beds of 
the Scotch mtirl lakes, and may be compared to the pages eff a book, 
each containing a history of a certain period of the past. The 
different layers may be grouped together in .beds from a* foot to a 
foot and a half in thickness, which are distinguished by diflerenecs 
of composition and colour, the tints being white, green, and brown. 
Occasionally there is a parting layer of pure flint, or of black car- 
bonaceous vegetable mattei’, about an inch thick, or of \vhitc pul- 
verulent marl. We find several hills in the neighbourhood of 
Aurillac composed of such materials, for the height of -more than 
liOO feet from their base, the whole sometimes covered by rocky 
currents of trachytic or basaltic lava.* 

Thus wonderfully minute are the separate parts of which some of 
tiui most massive geological monuments are made up ! When we 
desire to classify, it is necessary to contcmj)late entire groups of 
strata in the aggregate ; but if we wish to understand the mode of 
their formation, and to e??plain their origin, we must think only of 
the minute subdivisions of which each mass is composed. We must 
bear in mind how many thin leaflike seams of matter, each con- 
taining the remains of myriads of testacea and plants, frequently 
enter into the composition of a single stratum, and how vast a suc- 
cession of these strata unite to form a single group ! We must 
j’emember, also, that piles of volcanic matter, like the Plomb du 
Cantal, which rises in the immediate neighbourhood of Aurillac, arc 
themselves equally the result of successive accumulation, consisting 
of reiterated sheets of lava, showers of scoriie, and ejected fragments 
of rock. Lastly, we must not forget that continents and mountain- 

* Lyell and Murchison, Sur les Depots Lacustres Tertiuircs du Cantal, &c. 
Ann. des Sci. Nat., Oct. 1829. 



320 


MIOCENE OF BORDEAUX. 


[Cii. XIV. 


chains, colossal as are their dimensions, are nothing more than an 
assemblage of many such igneous and aqueous groups, formed in 
succession during an indefinite lapse of ages, and superimposed upon 
each other, 

Miocene strata of Bordeaux and South of France, — A great ex- 
tent of country between the Pyrenees and the Gironde is overspread 
by tertiary deposits of various ages and chiefly of Miocene date. 
Af. Tournouer, in an able memoir on these formations *, has shown 
that there is a remarkable continuity in the succession of strata, the 
upp(*rinost being somewhat newer than the faluns of Touraine and 
the lowest somewhat older than the Fontainebleau sandstone already 
alluded to. In the highest group, that of Salles, in which Voluta 
Lamherti and Cardita Jouanneti occur, there are many fossils 
coiniiion to the Pliocene or Subapeniiine strata. Next below these 
are the faluns proper of Bordeaux, which include the faluns of 
Saucats and Leognan and those of Dax in the adjoining basin of the 
Adour. These formations, which contain among other shells Pecten 
Burdigalensis and AmtUaria glandiformis^ coincide in age with the 
faluns of Touraine ; but so many of the species are peculiar to the 
south as to imply that there was a separation by a considerable tract 
of land between the basins of the Loire and Gironde. 

Strata which may be referred to the Lower Miocene come next 
in the descending order, comprising those of Mfnignac and Bazas, 
the first brackish and the latter of marine origin. In this fhivio- 
marine scries, Cerithinm plientum (fig. 173. p. 238.), (7. margari- 
taceum, C. Brongniarti, Ac,, and in the marine beds Pgrula Lahni 
occur. * The greater part of this series is considered by M. Tour- 
nouer to correspond in ago with the freshwater limestone of La 
Beaiice in tlie basins of the Loire and Seine. 

Still lower is the Asterias limestone, which with its overlying 
marls is about 300 feet in thickness, in which Cerithium jfUcatum 
and C. mnrgaritacmm are again met with, together with Nutica 
crassatina and other shells characteristic of the Lranipes and Fon- 
tainebleau sands before mentioned. In these lower strata are many 
species common to the Parisian Eocene system, to the Calcaire 
Grossier for example, and oven beds still lower. There are also 
several species of nuinmulitc's in the Asterias limestone, and their 
presence marks a difference in the character of the Lower Miocene 
of the South of Europe, as contrasted with that of the nortli. 
'riiese and other indications of a passage from an older to a newer 
group, is just what we might expect in proportion as our series of 
monuments begins to. be more and more complete. According to 
M. Tournouer, the Lower Miocene shells identifiable with Eocene 
species are always varieties of the same — an important fact as bearing 
on theories of the origin of species. Below the whole of these 
formations lies a true Eocene limestone called the Calcaire de Blaye, 
of the age of the Calcaire Grossier of the Paris basin. In order to 
explain the succession of beds in the basin of the Gironde, several 


* Bulletin Soc. Gt*ol. de France, tome xviii., 1861-2, p. 103.5. 
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oscillations of level are necessary. The same wide area was alter- 
nately converted into sea and land and into brackish-water lagoons, 
and finally into freshwater ponds and lakes. 

Upper Miocene strata of Gers, — Among the freshwater strata 
last alluded to near the base of the Pyrenees, are many of Upper 
Miocene age, from which bones of the Dinotherium giganteum and 
entire skeletons of the Mastodon angustidens have been obtained by 
M. Lartet. In one of these deposits that eminent comparative ana- 
tomist discovered, in 1837, the first remains of qiiadrumaiia which 
had been detected in Europe. They were associated with the qua- 
drupeds above mentioned in beds of freshwater marl, limestone, and 
sand near Audi, in the Department of Gers, about forty miles wc*st 
of Toulouse. They were referred by MM. Lartet and Blainville to 
a genus closely allied to the Gibbon, to which they gave the name 
of Fliopithecus, More recently (I85(i) M. Lartet described another 
s|)ecies of the same family of long-armed apes {I[ylohates\ which he 
obtained from strata of the same age at l^iiit-Gaudens, in the Haute 
Garonne. The fossil niinains of this animal consisted of a portion 
of a low(?r jaw with teeth and the shaft of a humerus. It is supposed 
to have been a tree-climbing frugivorous ape, equalling Man in 
stature. As the trunks of oaks are common in the lignite beds in 
which it lay, it has received the generic name of Dryopilhecus. The 
aiigh* formed by the ascending ramus of thq jaw and the alveolar 
border is less op(*n, and therefore more like the human subject than 
ill tlie Chimpanzee, and, what is still morci remarkable, the fossil, a 
moling but adult individual, had all its milk teeth replaced by the 
second set, while it^ last true molar (or wisdom tooth) was still un- 
de velo|)ed, or only existed as a germ in tin; jaw-bone. In the moile, 
Iberelbre, of the succession of its teeth (which, as in all the Old 
Worbl a])es, exactly agree in number with those in Man) it dittered 
Irom the Gorilla and Chimpanzee and corresponded with the human 
species. 

This peculiarity in its dentition, how’ever, it shared, as M. Lartet 
reminds us, with one of the living Gibbons called the Siamang. It 
is only one of several characters, such as tlie more globular form of 
the cninium and the smaller size of the canine teeth of the lower 
jaw, in which the Gibbous approach Man in their structure more 
m'jirly than do any other of the 'tailless apes. There is an analogy 
between such points of agreement and the tact that Man and theOrang 
{Pif/iecus) have each twelve pair of ribs, whereas the Gorilla and 
Chimpanzee {Troglodytes), notwithstanding that in the aggregate of 
their characters they approach nearer to the human type than the 
Orang, have each thirteen pair. A still more curious analogy is af- 
forded by some of the platyrrliine monkeys of South Aim.'rica, which, 
although they differ from all the Old World quadrumana and from 
Man in having four supernumerary molars, yet are not only less 
prognathous than the caturrhine monkeys, but have the cerebellum 
more decidedly overlapped by the posterior lobe of the cerebrum 
than the Old World apes. Yet the brains of the latter are, on the 
whole, much more akin to the human in their anatomical structure. 
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BELGIAN AND BRITISH MIOCENE FORMATIONS. 

UpperMiocene near Antwerp, — Edeghem beds, — The black or Glau- 
coniferoiis Cra<r of Antwerp was mentioned at page 206. as bearing a 
considerable affinity to that of Suffolk, about two-thirds of the 65 
shells obtained from it being common to the Suffolk Coralline Crag, 
and somewhat less than half of the whole being of living species. 

About the year 1862, an important discovery was made at 
Edeghem, in the environs of Antwerp, of another deposit somewhat 
older than the Black Crag. In excavating for brick earth, they came 
upon a bed of argillaceous sand, in which no less than 152 fossils 
were found, comprising 145 mollusca and echinoderms, and some 
zoophytes, especially a large species of Flahellum, All these have 
been examined and tabulated by M. Nyst, and carefully compared 
with the fossils of other Miocene and Pliocene deposits of Europe.* 
These Edeghem beds, which repose on Lower Miocene clay, the 
“ Rupelian ” of Dumont, are most nearly related by their fossils to the 
Black Crag above alluded to, but they betray many indications of 
greater antiquity. Fifty-eight of the species are new to the Belgian 
tertiaries, and of these 14 only, or about 25 per cent., are recent. Of 
the whole 145 Edeghem shells, 52 arc considered by Nyst as living 
species, besides 5 others, which are probably identical with the liv- 
ing, making, if all are accepted, a proportion of 39 per cent., which 
is decidedly smaller than that observed in the Antwerp Black Crag 
(see above, p. 206.). A still more significant indication of the con- 
nection of the Edeghem sands with an older or Miocene period is 
afforded; first, by the fact that no less than 83 of the 145 mollusca 
are falunian, as shown by M. Nyst’s tables, or, in other words, a pro- 
portion of 56 per cent, are specifically identical with shells occurring 
in the Upper Miocene bedsol* North Germany, Touraine, the Vienna 
basin, the Bordeaux faluns, and other localities unquestionably of 
Upper Miocene date ; secondly, what is perhaps even more in favour 
of their antiquity, there occur in them shells of the genera Conns^ 
Ancillaria, and Olivas all of which are not only wanting in the Red 
and Coralline Crag of Suffolk, and in the Upper and Middle Crags 
of Antwerp, but are also absent from the lowest or Black Crag of 
Antwerp. These same genera are also met with in the strata of the 
Bolderberg in Belgium, a true Upper Miocene formation, the fauna 
of which recedes still farther from that now existing in the propor- 
tion of its shells of living species. 

Upper Miocene {'t) of Belgium and England, — Dicst Sands , — 
M. Nyst is of opinion that the formation called by Dumont the 
Diestian is of the same age as the sands of Edeghem — a conclusion 
which is probably well founded. These ferruginous sands and sand- 
stones of Dicst are well seen near the town of that name, about 
thirty miles north-east of Brussels. They abound in green grains, 
resembling in mineral character the ferruginous beds of the Lower 


* Nyst, Bulletin Acad. Roy., Brusellcs, 1862 . 
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Greensand in the south-east of England. The strata contain but a 
small number of fossils, the Terebratula grandis being one of the few- 
which are well preserved. The Diest sands are conspicuous as form- 
ing the cappings of hills stretching from Diest by Louvain and west- 
ward by Oudenarde to Cassel in French Flanders, where they are seen 
at the summit of a hill 515 feet high. After having been thus traced 
for a hundred miles from east to west, they are again seen retaining 
the same mineral character for another hundred miles in a similar 
westward direction, first capping the Downs near Folkestone, and 
then appearing at various points, such as Paddlesworth, Lenhain 
near Maidstone, and Vigo Hill near Otford in Kent. 

The geological position of these iron sands in England was first 
made out by Mr. Prestwich, who, in a paper read to the Geological 
Society of London in 1857, described them as being possibly older 
than the Coralline Crag, and as occurring on the summit of the 
North Downs at various points between Folkestone and Dorking. 
He mentioned their resemblance to the sands at Diest in Belgium, 
and that they contained the Terebratula grandis^ and casts of Akarte 
pyruloy Emarginula^ and other fossils, all common to the British 
Crag. After the publication of Mr. Prestwicli’s paper, I visited witli 
him the principal localities in Kent to which he had called attention, 
and saw the ferruginous sands, twenty feet thick, resting on the chalk 
near the edge of the escarpment, about a mi,le N.E. of Folkestone, 
and again at Paddlesworth, on the summit of the Downs, four miles 
W.N.W. of Folkestone, where the sands are about forty feet thick, and 
where they occur at an elevation of about 500 feet above the sea. 
At Lenhain, ten miles east of Maidstone, fragments of the more con- 
solidated ferruginous layers, full of casts of marine shells and other 
fossils, are preserved in vertical sandpipcs, which penetrate the 
white chalk. Here I saw organic remains, reminding me of those 
which I had seen in 1850 at Kesseloo, near Louvain, in the “ Diest 
Sands,” which there overlie the Limburg or Lower Miocene beds.* 
The evidence, both in Belgium and in Kent, being derived frorn^ 
casts, consists mainly in the correspondence of genera ; but some of 
the species, such as the large Terebratula and a.iurbinolia, seem 
identical. 

We cannot determine at present, in consequence of the dearth of 
fossils in the Diest sands, their exact relation to the Edeghembeds, 
or whether they may be intermediate between the Edeghem and 
Bolderberg strata, but we may at least affirm that the only British 
strata at present known which can have any claim to be regarded as 
Upper Miocene are the ferruginous sands of the North Downs here 

alluded to. , 

Upper Miocene of the Bolderberg in Belgium, — In a small hill or 
ridge called the Bolderberg, which I visited in 1851, situated near 
Hassclt, about forty miles E.N.E. of Brussels, strata ot sand and 
gravel occur, to which M. Dumont first called attention as appearing 

• See a Memoir bj V llaulin, 1848 ; Bordeaux. 
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to constitute n northern representative of the faluns of Touraiiie. 
On the whole, they arc very distinct in their fossils from the two 
upper divisions of the Antwerp Crag before 
mentioned, and contain shells of the genera 

§ OHva^ ConuSy Ancillariay Pleurotomay and Can- 
cellaria in abundance. The most common shell 
is an Olive (see fig. 169.), called by Nyst Oliva 
Dufresniiy Bast.; and constituting as M. Bosquet 
observes, a smaller and shorter variety of the 
Bordeaux species.* 
onvn n.frrsnn\ Hou The Upper Mioccnc strata in the Bolderberg 
rtr'ironfV^e^; occui* at tlic height of about 200 feet above 
the level of the sea. They are covered by the 
Diestian sands and iron sandstone already described, and they repose 
on Lower Miocene beds called Rupelian by Dumont. So far as the 
shells are known, the proportion of recent ppecies agrees with that 
in the fiiluns of Touraine, and the climate must have been warmer 
than lliat of the Coralline Crag of England. 

Ill none of the Belgian Lower Miocene strata could I find any 
nummiilites ; and M. d’Archiiic had previously oliserved that these 
for am in if era characterize his “ Lower Tertiary Series,” as contrasted 
with the Middle, and may therefore servo as a good test of age, in 
tin; North of Europe at least, between Eocene and Miocene. Tin* 
same naturalist informs us that one nurnmnlitc* only has ever yt‘t 
been seen to penetrate upwards into the middle tertiary, viz., Knni- 
7niilites intermedia, an Eocene species. It lias been found in the hill 
of the Superga, near Turin, in Miocime beds, somewhat older than 
the falunian type (see above, p. 207.). 

North Germany, — We learn from the able treatise* publishcMl by 
M. Beyrich, in 1853, that tlie same fossil fauna, which is so meagn'ly 
exhibitcil in the Bolderberg, is rich in species in other localities in 
North Germany, as in Mecklenburg, Liineburg, the Lland Sylt, and 
at Bersenhriick, north of Osnabriick, in Westphalia, where it was 
tii-^t observed by F. Rbrner.f 

Lower Miocene,, Belgium, — It was stabal that the Bolderberg*beds 
r(.*st on the Rupelian of Dumont, a Lower Miocene formation best seen 
at the villages of Rupelmonde and Boom, ten miles south of Antwerp, 
on th(! banks of the Scheldt and near the junction with it of a small 
stream called the Rupel. A still* vlay abounding in fossils is exten- 
sively worked at the above localities for making tiles. It attains a 
tliiekii(*ss of about 100 feet, and, though very ditferent in age, much 
res(ini})les in mineral character the “ London Clay,” containing, like 
it, s(*ptaria or concretions of argillaceous limestone traversed by 
cracks in the interior, which are filled with calc-spar. The shells, 
referable to about forty species, have been described by MM. Nyst 
and De Koninck. Among them Leda (or Nucula) Deshayesiana (see 

• Lycll on Bel{;ian Tcrtiarics, Quart. Bastcrot of the Bordeaux fossil. 

Gcol. Juurn., 1S52, p. 295. NysPs figure f Beyrich, Die Conchylien dir Nord- 
scema to be copied Irum that given by dcutschen Tertiurgcbiigc: Berlin, 1853. 
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fig. 170.) is by far the most abundant ; a fossil unknown as yet in 
the English tertiary strata, but when young much resembling Leda 


Fig. 170. 



Leda DetiMyesiana^ Nyst. Syn. Nucula Ih Jiayemtna. 


amygdaloides of the London clay proper (sec 25(>. p. 291.)- 
Aiiioii‘jf other characteristic shcll.^ ani Pecten Hoeninyhausu, mid a 
species of Cassidaria^ and several of the genus IHeurotoma, Not a 
few of these testacea agree with English Eocene species, such «s 
ActcBon simulntits, Sow., Canceltaria evuha^ Brander, Corbula 
pisum 171.), and Nautilus {Alurin) ziczac. They are acconi- 
pani(3d by many teeth of sharks, as Lamnn contortidensy Ag., 
Oxyrhina xiphodoniy Ag., Carcharodon heterodon (see 240.), 
Ag., and other fish, some of them common to the Middle Eocene 
strata. 

llupelian Clay of Hermsdorf^ near Berlin . — Professor Beyrich 
has described a mass of clay, used for making tiles, within seven 
miles of the gates of Berlin, near the village'of Hermsdorf, rising up 
from beneatli the sands with which that country is chiefly over- 
spread. This clay is more than forty feet thick, of a dark blueish- 
grey colour, and, like that of Rupelmonde, contains septaria. Among 
other shells, the Ledfi Deshayesiana before mentioned (fig. 170.) 
abounds, together with many species of Plenrotomay Valuta, 8cc., a 
certain proportion of the fossils being identical in species with tho.se 
of Rupelmonde. The succession of the Lower Miocene strata of 
Belgium can be best studied in the environs of Klcyn Spa wen. a 
village situated about seven miles west of Maestricht, in the old 
jirovince of Limburg in Belgium. In that region, about 200 species 
of testacea, marine and freshwater, have been obtained, with many 
foraminifera and remains of fish. 

The following table will show the position of these Belgian or 
I^imburg beds : — 


Urrisii Miockne. 

A Boldcrbcrg bods, sec p. 233., seen near llubbclt. 

Lower Miocene. 

B. 1. Nucula Loam of Klcyn Spawen, same 1 Upper Limburg beds. — Riipclian i 
age as the clay of Kupcimoiide > iJiimoiit. 
and Boom. J 

B. 2. Fluvio-miirino beds of Bcrgh, Letlion, { Middle Limburg l>eds. — Up])crTon- 
and other places near Kleyn bpuwcn. ) grian of Dumont. 

B. 3. Murine green sand of Bcrgh, Necrc- | Lower Limburg beds. — Lower Ton - 
pen, &c., and Tungres, near Kleyn I grian of Duuiouc. 

Spaweu. J 
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Upper Eocene. 

C. Calcareous sandy bods of Lueken, near Brussels, with nummulitcs, &e., of 
same ago as the Sables Moyens” of the Paris basin and the Barton clay 
of Hanipsliirc. 

The uppermost of the three subdivisions (B. 1.) into which the 
Lower Miocene or Limburg series is separated in the above table, 
contains at Kleyn Spawen many of the same fossils as the clay, above 
mentioned, of liupelmonde and Boom, places sixty miles N.W. of 
Kleyn Spawen. 

The lower, or Tongrian divisions, B. 2. and B. 3., are much better 
developed at Kleyn Spawen than B. 1. The first of these, B. 2., con- 
sists of several alternations of sands and marls, in which a greater 
or less intermixture of fiuviatile and marine shells occurs, implying 
the occasional entrance of a river near the spot, and possibly oscilla- 
tions in the level of the bottom of the sea. Among the shells are 
found Cyrena semislriata (fig. 172.), Cerithium plicatuniy Lam. 
(fig. 173.), Itissoa Chastelii, Bosq. (fig. 175.), and Corbnla pisum 
(fig. 171.), four shells all common to the Hempstead or British Lower 
Miocene beds of the Isle of Wight, to be mentioned in the sequel. 
With the above, Luchia Thiermsiiy and other marine forms of the 
genera Venus, Limopsis, Trochus, ike., are met with. 

In B. 3., or the Lower Tongrian, more than 100 marine shells have 
been collected, among which the Ostrea vvntilahriim is very conspi- 
cuous. Species common to the underlying Brussels sands, or the 
Upper Eocene, are numerous, constituting a third of the whole ; but 
most of these are feebly represented in comparison with the more 
peculiar and characteristic shells, such as Ostrea ventilahrumy My- 
tilus Kystiiy Valuta suturalis, &c. 

Whether this Lower Tongrian should be classed ns the loAvest 
member of the Miocene series, or as the u|>perinost of the Eoc(*ne, 
or, in other words, as the marine equivalent of the freshwater 
g\psum of Paris, is a question not yet decided. I incline at present 
to the belief that it is somewhat newer than the Paris gypsum, but 
certainly near the boundary line which separates the two systems. 
Its relation to the Upper Eocene deposits of England or the Isle 
of Wight will be more fully discussed in the sixteenth chapter, 
p. 27‘j. 

In none of the Belgian Lower Miocene strata could I find any 
nunirnulites ; and M. d’Archiac had previously observed that these 
Ibraminifera characterize his “ Lower Tertiary Series,” as contrasted 
with the Middle, and they therefore starve as a good test of age be- 
tween Eocene and Miocene, at least in Belgium and the North of 
France.* 

Between the Boldcrberg beds and the Kupelian clay there is a 
great chasm in Belgium, which seems, according to M. Bey rich, to 
be filled up in the North of Germany by what he calls the Stern- 


DArcbiac, Monogr., pp. 79. 100. 
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berg beds, and which, had Dumont found them in Belgium, he 
might probably have termed Upper Rupelian. 


LOWER MIOCENE STRATA OP ENGLAND. 

Hempstead beds. Isle of Wight — We have already seen that the 
Upper Miocene period is meagrely and somewhat questionably re- 
presented in England by certain ferruginous sands on the North 
Downs, of the age of the Diestian beds of Belgium. The Lower 
Miocene period is more decidedly represented by certain strata in 
the Isle of Wight, the true ago of which was not recognized until 
the year 1852, when the late Edward Forbes observed * that there 
was a series *of tertiary strata near Yarmouth newer than those of 
Binstead and Bembridge. These last are the undoubted equivahmts 
of the Paris gypsum, being characterized by the same species of Pa- 
leotherium, Anoplotherium, &c., as those described by Cuvier from 
Montmartre. The Lower Miocene deposits alluded to are 170 feet 
in thickness and rich in fossils, and have been called the Hempstead 
series, from a hill of that name on the coast near Yarmouth.t The 
following is the succession of the strata ; — 

SUDDXVISIONS OP THE HEMPSTEAD SERIES. 

1. The uppermost or Corbiila beds, consisting of marme sands and clays, contain 
Valuta Jiathieri, a characteristic Lower Miocene shell, CorOula pisum, fig. 171., 
a species common to the Upper Eocene clay of Barton ; Cyrena semistnataf 
fig. 172., several Ceriihia^ and other shells peculiar to this senes. 


Fg. 171. Fig. 172. 



2. Next below arc freshwater and estuary marls and carbonaceous days, in the 
brackish- water portion of which arc found abundantly Cerithium pUcatvm, Lam., 
fig. 173., C. eleyans, fig. 174., and C. trivinctum ; also /b‘.s.vf/r7 ChasteliUfig. IT.'i.. 
a very common KIcyn Spawen shell, and wliieh occurs in each of the four sub- 
divisions of the Hempstead scries down to its base, where it pasaes into the 
Bembridge beds. In the freshwater portion of the same beds Paludma lenta, 
fig. 176., occurs, a shell identified by some condiologists with a species now 
living, P. unicalor ; also scvenil species of Lymneua, Planorhis^ and Unto. 

3. The series, or middle fre.sliwater and estuary marls, are distinguished 
by the i)rescnce of Mcltmia fasciata, Paludina lenta, and clays with Cypns : 
the lowest bed contains Cyrena Hemistriata, fig. 172., mingled with Cerithia and 

a Panopfra. . . « 

4. The lower freshwater and estnary marls contain Melania co^tafa^ how., 
Melanopsis, &c. The hotiom bed is carbonaceous, and c.illcd the “Black hand,” 

* E. Forbes, Geol. Quart. Jouni., with Hampstead Hill, near London, 
* where the Lower Eocene or London 

t This hill must not bo coiifouaded Clay is capped by Middle Eocene sands. 
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in which liisnoa Chnsteliit 175.,I)eforc alluded to, is cottimoii. This bed 
contains a mixture of Hempstead shells with those of the underlying Upper 
Eocene or Beinbridge scries. The mammalia, among which is Hyojiotamus 


Fitr. 173 Fig. 174. Fig. 175. Fig. 176. 



Ct'iitfiiHvi /ilicntutn, Centhniw cletians, Hissoa Nyst, Palitiiirnt Irnta. 

Lain. Hrmpste.id. Hemphtfail. bp. Hoiopstead, Isle Hempstead Dud. 

of Wight. 

I'ovinus, differ, so far as they arc known, from those of the Bcmbridge beds. 
Among the plants, Piofcssor Hccr has recognized four species common to ihe 
lignite of Bovey Tracey, a Ixiwer Miocene formation presently to he described ; 
iiiiincly, Cow/f'/Vc, Heer; Afi(/rowe<la reficulniu^ ; Nympha'a Doris^ 

Heer; and Carjwtithis Wchsteiit Brong.* The seed-vessels of Churn juedi- 
cuyuiuh, Brong., and C helec teres arc characteristic of the Henipsteud beds 
generally. 

The Ht/opotamtfs belongs to the liog tribe, or the same family as 
the Aiithracotlieriuin,of which seven bpecies, varying in size from the 
liippopotamiis to the wild boar, have been found in Italy and other 
])iirt.s of Europe associated with the lignites of the Lower Miocene 
jieriod. 

Lignites ami Clays of Bovey Tracey^ Devonshire . — Surrounded by 
the granite and other rocks of tlie Dartmoor hills in Devonshire, is 
a formation of clay, sand, and lignite, long known to geologists as 
the Bovey Coal formation, respecting the age of wliicli, until 
the year 1861, opinions were very niiscttled. This deposit is 
situated at Bovey Tracey, a village distant eleven miles from Exeter 
in a south-vve.st, and about as far from Torquay in a north-west 
direction. The strata extend over a plain nine miles long, and 
they consist of the materials of decomposed and worii-dowii granites 
and vegetable matter, and hav evidently filled up an ancient 
hollow or lake-like expansion of the valleys of the Bovey and 
Teign. 

The lignite is of bad quality for economical purposes, as there is 
a great admixture in it of iron pyrites, and it emits a sulphurous 
odour, but it has been succes.««fully applied to the baking of pottery, 
for which some of the fine clays are well adapted. Mr. Bengelly 
has confirmed Sir H. De la Beche’s opinion that much of the upper 

Vcngelly, preface to The Lignite Formation of Bovey Tracey, p. xvii : Loniion, 
1863. 
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portion of this old lacustrine formation has been removed by 
denudation.* 

At the surface is a dense covering of clay and gravel with angular 
stones probably of the Post-pliocene period, for in the clay are three 
species of willow and the dwarf birch, Betula nana^ indicating a 
climate colder than that of Devonshire at the present day. 

Below this are Lower Miocene strata about 300 feet in thickness, in 
the upper part of which are twenty-six beds of lignite, clay, and sand, 
and at their base a ferruginous quartzose sand, varying in thickness 
from two to twenty-seven feet. Below this sand are forty-five beds 
of alternating lignite and clay. No shells or bones of mammalia, and 
no insect with the exception of one fragment of a beetle {Buprestis) ; 
in a word, no organic remains except plants have as yet been 
found. These plants occur in fourteen of the beds, namely, in 
two of the clays, and the rest in the lignites. One of the beds is a 
])(*rfect mat of the d<^bris of a coniferous tree, called by Heer Sequoia 
CouttsicE, intermixed with leaves of ferns. The same Sequoia 
is spread through all parts of the formation, its cones, and seeds, 
and branches of every age being preserved. It is a species supplying 
a link between S. Langsdorfii (see figs. 201, 202. p. 260, 261.) and S. 
Sternhergi^ the widely spread fossil representatives of the two living 
trees S. sempervirens and S, gigantea (or Wellington in), both con- 
fined in the living creation to California. Another bed is full of 
the large rhizomes of ferns, while two others are rich in dicotyle- 
donous leaves. In all Professor Heer enumerates forty-nine species 
of plants, twenty of which are common to the Miocene bed of the 
Continent, a majority of them being characteristic of the Lower 
Miocene. The new species, .also of Bovoy, are allied to plants of 
the older Miocene deposits of Switzerland, Germany, and other 
continental countries. The grape-stones of two species of vine occur 
in the clays, and the leaves of three species of fig, seeds also sup- 
]>osed to belong to three new species of Nyssa, or Tupelo tree, a 
genus now common in the swamps of South Carolina and Florida, 
two species of Annona, and a new water-lily. The oak and laurel 
liavc supplied many leaves. Of the triple-nerved laurels three or 
four are referred to Cinnamomum. There is a palm also, of which 
the genus is not determined. Among the Proteaceai are mentioned 
Drgandroides Hakecefolia (fig. 198.), 1). Bnul<si(pfolia, and another. 
Among the ferns is the well-known continental fossil Lastraa 
stiriaca (fig. 203, p. 261.), displaying at Bovey as in Switzerland its 
fi'uctificatiou. 

The croziers of some of the young ferns are very perfect, and 
Avere at first mistaken by collectors for shells of the genus Planorbu. 
On the whole, tlie vegetation of Bovey implies the existence in 
Devonshire, in the Lower Miocene period, of a sub-tropical climate. 

Scotland,— Isle of Mull, — In the sea-cliffs forming the head- 
land of Ardtun, on the west coast of Mull, in the Hebrides, several 


Phil. Traas., 1863. Paper by W.Pcngclly, F.R.S., and Dr. Oswald llcer. 
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bands of tertiary strata containing leaves of dicotyledonous plants 
were discovered in 1851 by the Duke of Argyle.* From his de- 
scription it appears that there are three leaf-beds, varying in thick- 
ness from 1^ to 2^ feet, which are interstrati Red with volcanic tuff 
and trap, the whole mass being about 130 feet in thickness. A 
sheet of basalt 40 feet thick covers the whole ; and another columnar 
bod of the same rock, 10 feet thick, is exposed at the bottom of the 
cliff. One of the leaf-beds consists of a compressed mass of leaves 
unaccompanied by any stems, as if they had been blown into a 
marsh where a species of Equisetum grew, of which the remains are 
plentifully embedded in clay. 

It is supposed by the Duke of Argyle that this formation was 
accumulated in a shallow lake or marsh in the neighbourhood of a 
volcano, which emitted showers of ashes and streams of lava. The 
tufaceous envelope of the fossils may have fallen into the lake from 
the air as volcanic dust, or have been washed down into it as mud 
from the adjoining land. Even without the aid of organic remains 
we might have decided that the deposit was newer than the chalk, 
for chalk flints containing cretaceous fossils were detected by the 
Duke in the principal mass of volcanic ashes or tuff.f 

The late Edward Forbes observed that some of the plants of this 
foi'mation resembled those of Croatia, described by Unger, and his 
opinion has been confirmed by Professor Heer, who found that the 
conifer most prevalent was the Sequoia Langsdorjii (figs. 201, 202.), 
also Corylus grosse-denlata^ a Lower Miocene species of Switzerland 
and of Menat in Auvergne. There is likewise a plane tree, the 
leaves of which seem to agree with those of Platanus aceroides (fig. 
187. p. 252.), and a fern which is as yet peculiar to Mull, Filicites 
hehridicUy Forbes. • 

These interesting discoveries in Mull naturally raise the ques- 
tion, whether the basalt of Antrim in Ireland, and of the cele- 
brated Giant’s Causeway, may not bo of the same age. For in 
Antrim the basalt overlies the chalk, and the upper mass of it 
covers everywhere a bed of lignite .and charcoal, in which wood, 
with the fibre well ])reserved, and evidently dic^otyledonous, is en- 
closed. The general dearth of strata in the British Isles, inter- 
mediate in age between the formation of the Eocene and Pliocene pe- 
riods, may arise, says Professor Forbes, from the extent of dry land 
Avhich prevailed in that vast inter al of time. If land predominated, 
the only monuments we are likely ever to find of Miocene date are 
those of lacustrine and volcanic origin, such as the Bovey Coal in 
Devonshire, the Ardtun beds in Mull, or the lignites and associated 
basalts in Antrim. 


Quart. Geol. Journ., 1851, i>. 89. 


f Ibid. p. 90. 
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MIOCENE FORMATIONS OF GERMANY. 

Mayence basin. — An elaborate description has been published bj 
Dr. F. Sandberger of the Mayence tertiary area, whicli occupies a 
tract from five to twelve miles in breadth, extending for a great 
distancfe along the left bank of the Rhine from Mayence to the 
neighbourhood of Manheim, and which is also found to the east, 
north, and south-west of Frankfort. M. de Kouinck, of Liege, first 
pointed out to me that the purely marine portion of the deposit con- 
tained many species of shells common to the Kleyn Spawen beds, 
and to the clay of Rupelmonde, near Antwerp. Among these he 
mentioned Cassidaria depressa^ Tritonium argntum^ Brander {T. 
flandricnmy De Koninck), Tornatella simulata^ Aporrhais Sowerbyi^ 
Leda Deshay esiana[^^. 170. p. 235.), Corbula j)isum(J\g. 171.), and 
Pectunculus terebratularis. 

First, in the neighbourhood of the above-mentioned strata of the 
Mayence basin are the sands of Eppelsheim, containing Dinotherium 
giganteum^ and other Falunian or Upper Miocene quadrupeds. 
Next, the uppermost part of the Mayence series consists of what is 
called the Littorinella Limestone, which contains among other mam- 
malia Ilippothermm gracile, Acerotherium (or Rhinoceros) incisitmm^ 
Paleomeryxy and ChalicomySy all indicating a Lower Miocene fauna. 

The shell (fig. 177.) from which the above--mentioned limestone is 
named much resembles the recent TAttorinella (or Rissod) ulva. Each 
shell is like a grain of rice in size, and they are often in Fig.ir?. 
such quantity as to form entire beds of marl and limestone, 
in stratified masses from fifteen to thirty feet in thicktiess> 
just as in the Baltic modern accumulations several feet 
tljick of the Littorinella iilra are spread far and wide over 
the bottom of the sea. In the same beds, several species paiudina. 
of Dreissena abound, a form common to the Headon or 
Upper Eocene beds of the Isle of Wight, as well as to the existing 
seas. 

Among the plants obtained by M. Ludwig fiom argillaceous strata 
of the Littorinella limestone series, are many which have a wide 
range in the Miocene period, but two of them, says Heer, viz. 
Dryandroides Banksupfolia and D, argutn^ are characteristic of tlie 
Lower Miocene, or of beds below the faluns or Marine Molassc of 
Switzerland. 

Next below are marls containing Cyrena semistriata^ Cerithiiim 
plicatum^ C. rnargaritaceuni, and C7. Lamart^kii* These marls, with 
the underlying clays containing Leda Deshayesiana, are regarde<l 
as the Rupelian of Dumont, while the shell-bearing sands of Wein- 
lieim, near Alzey, arc supposed to ho somewhat older, and the 
equivalents of the Gres de Fontainebleau. 

Upper Miocei^e beds of the Vienna basin. — In South Germany the 
general resemblance of the shells of the Vienna tertiary basin with 

• Suiidbcrger Bulleiin, tom. xvii. p. 153. 1860. 

R 
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those of the fiiluns of Tourainc has long been acknowledged. In 
Dr. Hornes’ excellent work on the fossil mollusca of that formation^ 
we see accurate figures of many shells, clearly of the same species 
as those found in the falunian sands of Touraine. 

According to Trofessor Suess, the most ancient and purely marine 
of the Miocene strata in this basin consist of sands, conglomerates, 
limestones, and clays, and they are inclined inwards or from the 
borders of the trough towards the centre, their outcropping edges 
rising much higher than the newer beds, whether Miocene or 
Pliocene, which overlie them, and which occupy a smaller area at an 
inferior elevation above the sea. M. Hornes has described 500 
species of gasteropods, of which he identifies one-fifth with living 
species of the Mediterranean, Indian, or African seas, but the propor- 
tion of existing species among the lamelli-branchiate bivalves exceeds 
this average. Among many univalves agreeing with those of Africa 
on the eastern side of the Atlantic arc C^prcea sanguimlenta^ Buc- 
ciniun lyratum^ and Oliva Jlammulata, In the lowest marine beds 
of the Vienna basin tlm remains of several mammalia have been 
found, and among them a species of Binotherium^ a Mastodon of the 
Trilophodon family, a Rhinoceros (allied to iif. migarhinus^ Christol), 
also Lislriodon^ Meyer (of the hog tribe), and a carnivorous animal of 
the cauiue family. 

The Helix turonensis (fig. 45. p. 30.), the most common land-shell 
of the French faluns, accompanies the above. In a higher member 
of the Vienna Miocene series are found Dinotherium giganteum^ 
Mastodon longirostris^ Rhinoceros Schleiertnacheri, Acerotherium 
incisivnm, and Hippotherium gracile, all of them equally characteristic 
of an Upper Miocene deposit occurring at Eppelsheim in Hesse 
Darmstadt, above alluded to. M. Alcide d’Orbigny has shown tliat 
the foraminifera of the Vienna basin diifer alike from the Eocene and 
l^liocene .species, and agree with those of the faluns, so far as the 
hitter are known. Among the Vienna foraminifera, the genus Atn- 
p/mtegina (tig. 178.) is very characteristic, and is supposed by 

Fig. 178. 


Amphittcgxna llaueriiM^ D'Orb. Upper Miocene strata, Vienna. 

D’Archiflc to take the same place among the Rhizopods of the 
Upper Miocene era which the Nuinmulites occupy iu the Eocene 
period. 

The flora of the Vienna basin exhibits some species which have a 
general range through tlie whole Miocene period, such as Cinna- 
momum pohjmorphum (fig. 188.), and another species, C, Scheuchzeri^ 
also Planer a Richardi^ Mich. (^fig. 205.), Lujuidambar europteum 
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(iig. 160.), Juglans bilinica. Cassia ambigua, and C. lignitum. With 
these are also found one or two Older Miocene forms, together with 
some of the Upper Miocene plants of CEningen in Switzerland, such 
as Platanus aceroides (fig. 187.), Myttca vindobonensis^ Heer, &c. 

Lower Miocene beds of Croatia, — The Brown Coal of Radaboj, near 
Angram in Croatia, not far from the borders of Styria, is covered, 
says Von Bucli. by beds containing the marine shells of the Vienna 
basin, or in other words, by Upper Miocene or Falunian strata. 
They appear to correspond in age Jo the Mayencc basin, or to the 
Rupelian strata of Belgium. They have yielded more than 200 
species of fossil plants, of which Professor Unger has given an 
admirable description. They are well preserved in a hard marlstone, 
and contain several palms; among them the Sabal, fig. 197. p. 257. 
and another genus allied to the date-palm Phcenicites spectabilis. 
Among the fossils of the same marls we also find a fern, wliich 
will be mentioned in the next chapter (fig, 195. p. 256.), called 
IVoodwardia Rossneriana^ The only abundant plant among the 
Kadaboj fossils which is chai*acteristic of the Upper Miocene 
period is the Populus mutabilis, whereas no less than fifty of the 
Radaboj species are common to the more ancient flora of the Lower 
Molasse of Switzerland. 

The insect fauna is very rich, and, like the plants, indicates a more 
tropical climate than do the fossils of G^ningen presently to be men- 
tioned. There are ten species of Termites, 6r white ants, some of 
gigantic size, and large dragon-flies with speckled wings, like those of 
the Southern States in North America ; there are also grasshoppers of 
considerable size, and even the Lepidoptera are not unrepresented. 
In one instance, the pattern of a butterfly’s wing has escaped oblitera- 
tion in the marlstone of Radaboj; and when we reflect on the remote- 
ness of the time from which it has been faithfully transmitted to us, 

Fig. 179. 


Vmtessa Pluto; iiat. »ize. Lower Miocene, Radaboj, Croatia. 

this fact may inspire the reader with some confidence as to the re- 
liable nature of the characters which other insects of a more durable 
texture, such as the beetles, may afford for specific determination. 
The Vanessa above figured retains, says Ileor, some of its colours, 
and corresponds with V. IIade?ia of India. 
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The lignites called Brown Coal in Germany belong, for the most 
part, to the Lower Miocene epoch. Among these may be mentioned 
those of the Siebengebirge, near Bonn, which are associated with 
volcanic rocks. 

Professor Beyrich, in his important Memoirs on the Tertiary 
Strata of the North of Germany,”* has made known to us the exist- 
ence of a long succession of marine strata which lead, by an almost 
gradual transition, from the Sternberg beds (see above, p. 236.), 
approaching in age to the faluns of the Loire, to otliers agreeing 
in date with the Lower Tongrian of Dumont, already mentioned, 
p. 234., as the base of the Miocene. In conformity with the method 
which I formerly adopted, he has appropriated the term Miocene 
exclusively to the faluns of Touraine and strata of that age ; but for 
all the formations below that level, as far down as the Uppennost 
Eocene, he has proposed the new term of Oligocene. The Sternberg 
beds are called Upper Oligocene; the next live groups, to which those 
of the Mayence basin, amongst others, belong, as well as the Calcaire 
de la Beauce and Fontainebleau Sandstone, are named Middle Oligo- 
cene; while the Egoln beds and some North German Brown Coals of 
the age of the Lower Tongrian of Dumont are called Lower Oligocene. 
The difficulty of drawing a boundary line between tliese last forma- 
tions and the Eocene is precisely the same as that of separating the 
Lower Miocene and Eocene (as defined in the preceding chapters) in 
France and Belgium. After full consideration, it seems to me most con- 
venient to accept the classification so long adopted by many writers, 
which places the gypsum of Montmartre as the uppermost of the 
Eocene subdivisions ; and if it can be demonstrated that any part of 
the Tongrian of Dumont, or of the German strata classed by Beyrich as 
Lower Oligocene, is strictly contemporaneous with the Paris gypsum 
or the Bembridgc strata of the Isle of Wight, I sliould then separate 
them from the Lower Miocene, and consider them as Upper Eocene. 
We are now arriving at that stage of progress when the line, wherever 
it b(j drawn, will be an arbitrary one, or one of mere convenience, as 
I shall have an opportunity of showing when the Upper Eocene forma- 
tions in the Isle of Wight are described in the sixteenth chapter. 

Miocene strata of Italy . — We are indebted to Signor Michelotti 
for a valuable work on the Miocene shells of Northern Italy. Those 
found in the hill called the Superga, near Turin, have long been 
known to correspond in age with the faluns of Touraine, and they 
contain so many species common to the Upper Miocene strata of 
Bordeaux as to induce M. Tournouer to conclude tlmt there was a 
free communication between the northern part of the Mediterranoan 
and the Bay of Biscay in the Upper Miocene period. In the hills 
of which the Superga forms a part there is a great series of Tertiary 
strata which pass downwards into the Lower Miocene. Even in the 
Superga itself there are some fossil pbints which, according to Heer, 

* AhhaTidlungcn der Konigl. Acad, dcr Wissen. zu Berlin, 1855, and ibid. 
1858, p. 59. 
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have never been found in Switzerland so high as the Marine Molasse, 
such as Banksia longifolia, and Carpinus grandis,* In several parts 
of the Ligurian Apennines, as at Dego and Carcare, the Lower 
Miocene appears, containing some nummulites, and at Cadibona, 
north of Savona, freshwater strata of the same age occur, with dense 
beds of lignite enclosing remains of the Anthracotherinm magnum 
and A. minimum^ besides other mammalia enumerated by Gastaldi. 
In these beds a great number of the Lower Miocene plants of Switz- 
erland have been discovered. 

Upper Miocene for madom of Greece. — At Pikerme, near Athens, 
MM. Wagner and Roth have described a deposit in which they 
found the remains of the genera Mastodon^ Dinotherium^Hippariony 
Antelope, two Giraffes, and others, some living and others extinct. 
With them were also associated fossil bones of the Semnop hecus, 
showing that here, as in the South of France, the quadrumaua were 
characteristic of this period. The whole fauna attests the former 
extension of a vast expanse of grassy plains where wo haVe now 
the broken and mountainous country of Greece — plains which were 
probably united with Asia Minor, spreading over the area where the 
deep Egean Sea and its numerous islands are now situated. 

* Rechcrchcs sur le Climat ct la Vegetation du Pays Tertiairc, par Oswald 
llccr. 1801. ■ 
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CHAPTER XV. 

MIOCENE FORMATIONS — continued, 

Miocene strata of Switzerland — Upper Miocene beds of CEnin^en — Im]9ortancc 
of Fossil Plants — ITccr’s work on the Swiss Miocene flora — Plants and insects 
of CEnin^ren embedded in different seasons— Fossil fruits and flowers, as well as 
leaves —Middle or Marino Molasse of Switzerland - Lower Molassc, or Lower 
Miocene — Dense conglomerates and proofs of biibsidence — Fossil plants of 
Lower JVIiocene period more tropical — ^Preponderance of arborescent species — 
Sui)posc(l discordance in relative numbers of living species of plants and shells 
in Upper Miocene formations — Theory of a Miocene Atlantis — Whether the 
American plants abounding in the Miocene of Europe migrated by a westerly 
or an easterly route — Objections derived from depth and width of the Atlantic 
— Arguments * in favour of a Trans- Asiatic migration— Miocene fossils of 
Oregon — Agreement of Miocene corals of the West Indies and Europe opposed 
to the theory of an Atlantic Continent — Upper Miocene formations of India— 
Sul)-Himalayan or Siwalik Hills— Older Pliocene and Miocene formations in 
the United States of America. 

MIOCENE STRATA OP SWITZERLAND. 

Upper Miocene beds of CEningen. — The faluns of the Loire first 
served, as already stated (p. 210.), as the type of the Miocene forma- 
tions in Europe. They yielded a plentiful harvest of fossil shells 
and zoophytes, but were entirely barren of plants and insects. In 
Switzerland, on the other hand, deposits of the same age have been 
discovered, remarkable for their botanical and entomological trea- 
sures. 

We are indebted to Professor Hccr of Zurich for the description, 
restoration, and classification of more than 900 species of these fossil 
plants, the whole of which he has illustrated by excellent figures 
in his “Flora Tcrtiaria Helvetian.” ♦ In this great work he has 
achieved for the botany of tho Tertiary formations what his 
distinguished predecessor, Adolphe Brongniart, had done for the 
fossil plants of the Primvy and Secondary rocks. MM. Unger 
and Giippert, by their able descriptions of tho plants of tho Brown 
Coal of Germany, had already prepared the minds of geologists 
to expect that botany would one day play almost as important a 

This work, in three vola., containing climate of the Swiss Miocene strata 
1 55 folio plates of fossil plants, was pub- appeared in 1862, edited by IW. lleer 
lished at Winterthur in 1855-9, and a and M. Charles-Th. Gnudin, entitled 
French translation of tho.se chapters “ Kecherches sur le Climat et la Vege- 
wJiich relate to the geology, botany, and tation du Pays Tertiairc.” 
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part as concbology in enabling us to identify and classify the middle 
tertiary strata. But no small scepticism had always prevailed 
among botanists of the highest attainments as to whether fossil re- 
mains of the vegetable kingdom could ever afford sufficient data for 
determining the species, or even the genera or families, of plants of 
which nothing but the leaves are embedded in the rocks. In truth, 
before such remains could be rendered available, a new science had 
.to be created. It was necessary to study the outlines, nervation, 
and microscopic structure of the leaves with a degree of care which 
had never been called for in the classification of living plants, where 
the flower and fruit afforded characters so much more definite and 
satisfactory. As geologists, we cannot be too grateful to those who, 
instead of despairing when a task of such difficulty was presented 
to them, entered with full faith and enthusiasm into the new and un- 
explored field. That they should frequently have fallen into errors 
was unavoidable, but it is remarkable, especially if we enquire into 
the history of Professor Heer’s researches, how often early con- 
jectures as to the genus and family founded on leaves alone were 
afterwards confirmed when fuller information was obtained, as, for 
example, when the fruit, and in some instances both fruit and 
flower, were found attached, to the same stem as the leaves which 
had been first described. Nor should we forget that wdien a 

skilful botanist has devoted his powers of discrimination to the 
class ifleatien of the leaves according to their forms, veining and 
minute or microscopic structure, he may afford the most important 
paleontological assistance to the geologist, even if he happen to 
make some erroneous guesses as to the generic or even ordinal 
aflinitics of the plants in question. His power of recognizing the 
same identical fossil in two distant places or two distinct formations 
may settle a disputed point in chronology, where there is no other 
('vidence at hand, and the conclusions drawn from such data as to 
the relative age of the beds have often held good, even when it 
was afterwards proved that several species, or even genera, had 
Ixjon constructed out of the leaves of the same plant, or that the 
fruit and leaves of one and the same tree had been referred to genera 
of distinct families. 

The Miocene formations of Switzerland have been called Molasse, 
a term derived from the French moly and applied to a soft, incoherent, 
greenish sandstone, occupying the country between the Alps and 
the Jura. This molasse comprises three divisions, of which the 
middle one is marine, and being closely related by its shells to the 
faluns of Touraine, may be classed as Upper Miocene. The two 
others are freshwater, the upper of which may be also grouped with 
the faluns, while the lower must be referred to the Lower Miocene, 
as defined in the last chapter. 

The upper freshwater Molasse may first be considered. It is best 
seen at (Eiiingen, in the valley of the Rhine, between Constance and 
Scliaifhauscn, a locality celebrated for having produced in the year 
1700 the supposed human skeleton called by Scheuclizer **homo 
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(liluvii testis,” a fossil afterwards demonstrated by Cuvier to be a 
reptile, or aquatic salamander, of larger dimensions than oven its 
great living representative the salamander of Japan. 

The CEniiigen strata consist of a series of marls and limestones, 
many of them thinly laminated, and which appear to have slowly 
accumulated in a lake probably fed by springs holding carbonate of 
lime in solution. 

The elliptical area over which this freshwater formation has been 
traced extends, according to Sir Roderick Murchison, for a distance 
of ten miles east and west from Berlingen, on the right bank of the 
river to Waugen, and to G^ningen, near Stein, on the left bank. 
The organic remains have been chiefly derived from two quarries, 
the lower of which is about 550 feet above the level of the Lake of 
Constance, while the upper quarry is 150 feet higher. In this last, 
a section thirty feet deep displays a great succession of beds, most of 
them splitting into slabs and some into very thin laminae. Twenty- 
one beds are enumerated by Prof. Heer, the uppermost a blucish- 
grey marl seven feet thick, without organic remains, resting on a lime- 
stone with fossil plants, including leaves of poplar, cinnamon, and 
pond-weed {Potafnogeton\ together with some insects ; while in the 
bed No. 4., below, is a bituminous rock, in which the Mastodon «w- 
(fustidensy a characteristic Upper Miocene quadruped, has been m(?t 
with. The oth bed, two or three inches thick, contains fossil fish, e.g. 
Leuciscus (roach), and the larvae of dragon-flies, with plants such as 
the elm ( Ulrmis\ and the aquatic Chara. Below this are other plant- 
beds ; and then, in No. 9., the stone in which the great salamander 
{Andrias Scheuchzeri) some fish were found. Below this, other 
strata occur with fish, tortoises, the great salamander before al- 
luded to, freshwater mussels, and plants. In No. 16. the fossil fox 
of Gmingen, Galecynus (Enwgensis, Owen, was obtained by Sir R. 
Murchison. To this succeed other beds with mammalia (Lagotnys), 
reptiles (Emys), fish, and plants, such as walnut, maple, and poplar. 
In the 19th bed are numerous fish, insects, and plants, below which 
are marls, of a blue indigo colour. 

In the lower quarry eleven beds are mentioned, in which, as in 
the upper, both land and freshwater plants and mauy insects occur. 
In the 6th, reckoning from the top, many plants have been obtained, 
such as Liqnidamhary Daphnogene^ Podogonium^ and Elm, together 
wdth tortoises, besides the bones and teeth of a ruminant quadruped, 
named by H. V. Meyer PaUomerycB eminens. No. 9. is called the insect 
bed, a layer only a few inches thick, which, when exposed to the frost, 
splits into leaves as thin as paper. In these thin laminas plants such 
as JJquidambar, Daphnogene, and Glyptostrobus occur, with innu- 
merable insects in a wonderful state of preservation, usually found 
singly. Below this is an indigo-blue marl, like that at the bottom of the 
higher quarry, resting on yellow marl ascertained to be at least thirty 
feet thick. 

All the above fossil-bearing strata were evidently formed with 
extreme slowness. Although the fossiliferous beds are in the aggre- 
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gate, not more than a few yards in thickness, and have only been 
examined in the small area comprised in the two quarries just 
alluded to, they give us an insight into the state of animal and vege- 
table life in part of the Upper Miocene period, such as no other 
region in the world has elsewhere supplied. In the year J 859, Prof. 
Heer had already determined no less than 475 species of plants and 
900 insects from these CEningen beds. He supposes that a river 
entering a lake floated into it some of the leaves and land-insects, 
together with the carcases of quadrupeds, such as the great Masto- 
don. Occasionally, during tempests, twigs and even boughs of trees 
with their leaves were torn off and carried for some distance so as to 
rcjich the lake. Springs, containing carbonate of lime, seem at some 
points to have supplied calcareous matter in solution, giving origin 
locally to a kind of travertin, in which organic bodies sinking to tho 
bottom became hermetically sealed up. The laminae, says Heer, 
which immediately succeed each other were not all formed at the 
same season, for it can be shown that, when some of them originated, 
certain plants were in flower, whereas, when the next of these layers 
was produced, the same plants had ripened their fruit. This infer- 
ence is confirmed by independent proofs derived from insects. The 
principal insect-bed is rarely two inches thick, and is composed, says 
Heer, of about 250 leafiike lamime, some of which were deposited 
in the spring, when the Cinnamomum poltpnorphum (p. 252.) was 
in flower ; others in summer, when winged ants were numerous, and 
when the poplar and willow had matured their seed ; others, again, 


rig. 180. Fig. HI. 



Podogoniutn Knomi, Upper Miocene of (Eniiigcn and many parts of Germany. 

Fig. IHO. Restoration of the plant by Proft-nsor Heer. Frontispiece, Flora Tert. Hel. } nat. size, 
a. branch bearing flowers before the leaves appear. b, branch with leaves and ripe fruit. 

Fig. 181. a. Pod ofP. Knorrii. Q%iiiiigen. inat. size. c. Formica lignitu 

b. Leaf of graniiiieuiis plant. • d. Iliitcr coproiithorum, 

Hwr, PI. 134. flg. 26. 

in autumn, when the same Cinnamomum poJymorphum (fig. 188.) 
was in fruit, as well as the liquidarabar, oak, clematis, and many 
other plants. 

Tho ancient lake seems to have had round its borders a belt of 
poplars and willows, countless leaves of which became embedded in 
the mud. Together with them, at bome points, a species of reed, 
Arundoy was very common. 
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One of the most characteristic shrubs is a papilionaceous and 
leguminous plant of an extinct genus, called by Heer Podogonium^ 
of which two species are known. Entire twigs have been found 
(a, fig. 180 .), with flowers, and always without leaves, the flowers 
having evidently come out, as in the poplar and willow tribe, before 
any leaves made their appearance. Other specimens have been 
obtained with ripe fruit accompanied by leaves, as shown in the 
branch h, fig. 180 . In some specimens are seen the embryo and 
cotyledons, in others the calyx and young fruit. The leaves resemble 
those of the tamarind, but each pod contains only a single seed, 
whereas the pod of the tamarind, an allied genus, contains many 
seeds. 

Jn fig. 181 . we see a ripe seed-vessel of this plant, and on the same 
thin slab a winged ant, c, Formica lignitum^ Ileer. Another species 
of .’int, also with wings, has been found associated with the same 
Podogonium in fructification, from which fact Professor Heer con- 
cludes that it ripened its seed in summer, at which season alone 
swarms of perfect male and female ants, having their wings fully 
developed, make their flights. Such, for example, is the liabit of the 
living Formica herculeana, which comes very near to F, ligjiitvm.. 
In the same slab, at d.^ is a portion of a beetle of the genus Histcr. 

The Upper Miocene flora of G^ningen is peculiarly important, in 
consequence of the number of genera of which not merely the leaves, 
but, as in the case of the Podogonium just mentioned, the fruit aNo 
and even the flower are known. Thus there are nineteen species of 
maple, ten of which have already been found with fruit. Although 



Acer trilohatum, normal form. Heer, Flora Tprt. Helv., PI. 114. fig. 2. Size | iliam. 
(Part only of the long Ptalk of the ongiiial fongil nperlinen in hero given.) 
Upper Miocene, (Euingen ; iiUo found in I/owor Miocene of Switzerland. 


in no one region of the globe do so many maples now flourish, we 
need not suspect Professor Heer of having made too many species in 
this genus when we consider the manner in which he has dealt with 
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one of them, Acer trilobatum^ figs. 182, 183. 185. Of this plant the 
number of marked varieties figured and named is very great, and no 
less than three of them had been considered as distinct species by other 
botanists, while six of the others might have laid claim, with nearly 
equal propriety, to a like distinction. The common form, called Acer 
trilobatum^ fig. 182., may bo taken as a normal representative of the ^ 
CEningen fossil, and fig. 183. as one of the most divergent varieties, 
having almost four lobes in the leaf instead of three. 


Fig. 183. 



Acer iniohatum. 

a. abnormal variety of leaf. Heor, PI. 110. fig. 10. 

A. flower and bracta, normal form. Iloer, PI. 111. fig. 21 
c. half a seed-vessel, ileer, 1*1. 111. fig. 5. 


Fig 184. 


Fig. IS' 



Fig. 184. Acer mbrftm, L. 
Living in N. America. 

Ilecr, PI. Ml. fig. 2‘i. ; natural size. 
a. the carpels. 


Fig. 1«S. Acer trilobatum.' 
Fo«.sil, (Eningcii. 

Hcer, PI. l.S^). fig. 9. ; natural size. 
e. three petals of the corolla. d. cai)X. 


Fig. 180. Acer tritohatum 
b. the two carpels. Heer, PI. 111. fig. 18. 


We have a remarkable example in fig. 185. of the preservation of 
the female flower, enabling the bptanist to recognize the resemblance 
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between the petals of the Miocene species and those of the living 
Acer ruhrurn^ fig. 184.* 

In like manner the fossil specimen, fig. 186. 5, shows how much 
more pointed were the winged appendages of the seed-vessels than 
are those of the most nearly allied living species, fig. 184. a. 

Among the genera which abounded in the Miocene period in Eu- 
rope is the plane-tree, Platarms^ the fossil 
species being considered by Heer to come 
nearer to the American P, occidentalis than 
to P. orien tails of Greece and Asia Minor. 
In some of the fossil specimens the male 
flowers are preserved. Among other points 
of resemblance with the living plane-trees, 
as we see them in the parks and squares 
of London, fossil fragments of the trunk 
are met with, having pieces of their bark 
peeling off. 

No leaves of the beech -tree or of the 
chestnut have yet been found in any Mio- 
cene strata of Switzerland, although in 
formations of the same age in Germany, 
leaves of one of them, namely, the beech, 
have been detected. Many species of the laurel tribe characterize 
the flora both of the Upper and Lower Miocene strata in Switzer- 
land and Germany, especially the cinnamon (see fig. 188.^. The 
leaves of this genus are easily recognizable, and often serve as useful 
guides to the geologist. The fruit also and the flower are found at 
(Ell ingen. 


Fig. 1K7. 



riatanua acetouh'S. Oopp. 

Ur-er, IM. 8H. ligs. r»-8. 

Size S diam. Upper Miocene, 
(Ellin gen. 

W? leaf. 

h. liic core of a bundle of pericarps. 
c. single fruit or pericarp, iiat. size. 


Fig. IS8. 


Fig. WX 



Cinnamotnum polymorphuniy Ad. Brorrg. 
a. leal. 

h. flower, nat size. Uecr, PI. 93. fig. 23. 
Upper .‘ind Ixiwer Miocene. 



a. ripe fruit of Cinnamomum polymorphnm^ 

from (Eningen^ Hecr, PI. 94. Ilg. 14. 

b, friiii of recent Cmnamnrnum camphora of 

Japan. Hcer, PI. 132. fig. IH., 


Professor Heer observes that the fruit in the fossil, fig. 189. a, is 
more oval in shape than that of the recent Japanese plant, C. cam- 
phora., h, flg. 189., which comes nearest to it, and that the peduncle is 
not thickened at its upper end as in the living one. 

* Hccr, vol. iii. p. 197. 
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The vine of CEningen, Vitis ieuiomca. Ad. Brong., is of a North 
American type, approaching nearest to Viits vulpina, L. ; both the 
leaves and seeds have been found at Gilningen, and bunches of com- 
pressed grapes of the same species have been met with in the Brown 
Coal of Wetteravia in Germany. 

No less than eight species of smilax, a monocotyledonous genus, 
occur at (Eningen and in other Upper Miocene localities, the flowers 
of some of them, as well as the leaves, being preserved, as in the case 
of the very common fossil & sagitHferay fig. 190. a. 


Fig. 190. 



Smilax sofiMt/era. Hcer, PI. 30. fig. 7. Size ^ diameter. 
a. leaf. b. flower niagnifled, one of the mx petals wanting at d. Upper Miocene, (flningen 
e. Leaf of Smtlax obtustjoim. lleer, PI. 30. fig. 0.; iiat. fixe. Upper Miocene, UOuingen. 

Plants referable to no less than five genera of the order Proteacetp 
have been obtained partly from Q^ningen and partly from the lacus- 
trine formation of the same age at Lode in the J ura. These five genera 
all of them, except tlie last, now living in Australia, are the following : 
Bfinhsin^ Grevillen^ Hakea^ Persoonia, and Dryandr aides. Of Hakea 
both the seed-vessel and the seeds have been obtained, so that they 
can be compared with the recent ; and the dimensions of the fossil 
fruit are similar in size, the diflerence in f/ and 5, fig. 191., arising 
from the different scale of reduction (see description of figure). 


Fig. 191. 



Fruit of thfi fossil and recent species of Hakea, a ppnu'» of Proteacere. 
a. leaf ot fossil species. Hakea mlicina. Upper Miocene, (Eoingen; called Emhothrtum by 
Hoer, PI. 07. fig. 29. dium. 

h. fruit ol bHine. } diaui. r. seed of same. Natural size. 

d. fruit of living Australian species, Hakea tahgna, U. Ilrowu. ^ diain. 

e. seed of same. Natural size. 

More will be said of the Proteacese when I treat of the plants of 
the Lower Miocene period, at which era that family was still more 
prevalent in Europe. In the same beds at Lode with the Proteacem 



254 


UPPER MIOCENE INSECTS, OENINGEN. [Ch. XV. 


Fig. Ili2. 



there occurs a fan palm of the American type Sabal, a genus which 
ranges throughout the low country near the sea from the Carolinas 
to Florida and Louisiana. 

Among the Coniferas of Upper Miocene age is found a deciduous 
cypress nearly allied to the Taxodium disiichum 
ofN. America, and a Glyptostrobus, fig. 192., very 
like the Japanese G, heterophyllus^ now common 
in our shrubberies. 

It was stated that in the upper quarry at 
CKn ingen the remains of the Mastodon angus- 
tidens occur. The association of so characteristic 
a falunian fossil with the fiora above described 
is important, iis helping to settle the true Upper 
aii/ptostrlbuseuropo'us. Miocono date of these beds. M. Ziegler showed 

museum at Winterthur in Switzerland, 
Miocene, (Kiiingen. jn 1857, two fine specimens of the skulls and jaws 
of the same species, one young and the other adult, determined by 
Dr. Falconer, which fiad been found at Veltheim in that neighbour- 
hood, in strata belonging, like the (Eningen beds, to the upper fresh- 
water molasse. This formation is there seen to overlie the marine 
falunian beds of Rorbas. In that same molasse the Podogonium 
Knorrii, above described, and Populus latior, with other charac- 
teristic Q^ningen plants have been met with. 

Before the appearance of Heer’s work on the Miocene Flora of 
Switzerland, Unger and Gdppert had already pointed out the large 
proportion of living North American genera which distinguished 
the vegetation of the Miocene period in Central Europe. Next in 
number, says ITeer, to these American forms at Giningen the Eu- 
ropean genera preponderate, the Asiatic ranking in the third, the 
African in the fourth, and the Australian in the fifth degree. The 
Americau forms are more numerous than in the Italian Pliocene 
flora, and the whole vegetation indicates a warmer climate, though 
not so high a temperature, as that of the older or Lower Miocene 
period. 

The conclusions drawn from the insects are for the most part in 
peolect harmony with those derived from the plants, but they have 
a somewhat less tropical and less AiruTican aspect, the South 
European types being more numerous. On the whole, the insect 
fauna is richer than that now i. habiting any part of Europe. No 
less than 844 species are reckoned by Ileer from the CI]iiingen b(?ds 
alone, the number of specimens which he has examined being 5080. 
The entire list of Swiss species from the Upper and Lower Miocene 
together amount to 1322. Almost all the living families of Coleop- 
tera are represented, but, as we might have anticipated from tlie 
preponderance of arborescent and ligneous plants, the wood-eating 
beetles play the most conspicuous part, the Buprestidm and other 
long-horned beetles being particularly abundant. There are also 
no less than thirty species of those beetles, of which the larvai feed on 
the dung of mammalia, implying, says Ileer, the existence of a great 
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many more ruminants in the days of the CEningen Lake than the 
single one of that class known to us, namely, the Palaomeryx emi’^ 
nens of Meyer. There were also species of the carrion-feeding 
Silpha; also twenty-four species of water-beetles of the genera 
Dydscusy HydrophiluSy &c. 

The patterns and some remains of the colours both of Coleoptera 
and Hemiptera are preserved at CEningen, as, for example, in the 
annexed figure of Harpactor^ in which the antennas, one of the eyes, 
and the legs and wings are retained. 

The characters, indeed, of many of 
the insects are so well defined as to 
incline us to believe that if this class 
of the invertebrata were not so rare 
and local, they might be more useful 
than even the plants and shells in 
settling clironological points in geo- 
logy.* 

Few of the genera of insects are 
extinct, but many of them imply a 
geographical distribution widely dif- 
ferent from that now obtaining in the 
same part of the world. Tims, for 
example, in this Swiss fauna, there 
were many white ants or Termites, 
and dragon -fiies of a South African 
type called Agrion, bcjsides several 
Indian and American forms referable 
to various orders. 

To account for the perfect state of the specimens, Heer supposes 
that the insects which sank to the bottom of the water may have 
been killed by mephitic gases which rose from the lake, and which 
were connected with the volcanic eruptions of which some of the 
products are seen at llochgau, and which are believed by Swiss 
geologists to have taken place in the Upper Miocene period. 

Middle or Marine Molasse (^Upper Miocene) of Switzerland, — It 
was before stated that the Miocene formation of Switzorland Tcon- 
sisted of, 1st., the u])per freshwater molasse, comprising the lacustrine 
marls of (Eningeu ; 2dly, the marine molasse, corresponding in age to 
the faluns of Touraine ; sind 3dly, the lower freshwater molasse. 
Some of the beds of the marine or middle series reach a height of 
2470 feet above the sea. A large number of the shells are common 
to the faluns of Touraine, the Vienna basin, and other Upper Miocene 
localities. The terrestrial plants play a subordinate part in the 
fossiliferouB beds, yet more than 90 of them are enumerated by Heer 
as belonging to this falunian division, and of these more than half 

♦ See IIccr*8 beautiful figures and de- Verhandelingen van der Hollandschc 
seriptions of (Eiiiiigen beetles, &e., in the M'mtschappij der Wctcnsch, &c. Huoi*- 
Hourlem Trausactious. Naturkundige 1cm, 1862. 


Fig. 193. 
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are common to subjacent Lower Miocene beds, while a proportion of 
about 45 in a hundred are common 'to the overlying (Eningen flora. 
Twenty-six of the 92 species are peculiar. 

Lower Molasse {Lower Miocene') of Switzerland , — Next in de- 
scending order comes the Lower Molasse, almost entirely of fresh- 
water origin, of which the Upper division contains 211 species of 
plants and the Lower no less than 336 species. The first of these 
two is called in Heer's work the “ Mayencien,*' it being supposed to 
agree in age with the strata of the Mayence basin already described, 
while the lower division is called the “ Aquitanien,” as corresponding 
with some of the older Miocene beds of the South of France. But 
the fossil shells by which these comparisons have been made appear 
to mo to be at present too few in number to enable us to place much 
reliance on such identifications. The superposition, however, of the 
Molasse called “ Mayencien ” to the lower beds called “ Aquitanien,” 
wdiich last are well seen on the borders of the Lake of Geneva, is 
perfectly clear. 

To the upper group belong the sandy marls of Eriz, in the Canton 
of Berne, in which there are 68 species of plants, half of them common 
to the Giningen strata. Among the North American forms in this 
locjility the tulip tree may be mentioned, a species very closely allied 
to the Liriodcmlron tuUpifera^ L, 

Fijj. 194. Fig. 195. 



Hrer, PI. 5. Eriz. Lower Miocene. 

J.iriodendron Procaednii^ Unger. pnrt of a branch. 

Hecr, PI. lOH. fig. 6. Eriz. Lower Miocene. b. part of a leaf magnified, showing the position 

of the aori. 

The most abundant of the as,«ociated plants are two species of 
cinnamon, one of them already mentioned as frequent at CEningen. 
C. polymorphum, fig. 188. Next to these in number come species of 
the dogwood, or CornuSy of the hornbeam, CarpinnSy and of the buck- 
tliorn, Rhamnus, Among the fir-tribe or coniform is a Taxodiuni 
nearly allied to the deciduous cypress, T, distichumy of N. America. 
Professor Goppert considers it the same, but Unger and lleer have 
pointed out differences^ showing that it is at least a marked va- 
riety. Among the ferris is found a Woodwardia (see fig. 195.), so 
like the living W. radicans, that in spite of the large size and 
some slight differences in the shape of the leaf (a part so often 
variable in ferns), it may, says Ileer, be a question w'ith some botanists 
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whether the fossil does not agree specifically with the recent plant. 
Yet this fern ranges still lower, being also found at Monod, a locality 
to which I shall presently allude. 

Before quitting the plants of this lower division of the molasse, I 
may mention that a fan-palm, Chamcprops Helvetica^ (fig. 196.), oc- 
curs at UtzHiach, in the Canton of St. Gall, in Lower Miocene strata 
somewhat higher in the series than those of Eritz. This genus is 
now South European, Asiatic, and American. 


FIff. IftO. 



CAnJUtrrops TIcpr. 

Utznach, St. O.jII. Lnwor Miorene. (liner, Flora 
Fo* 8. Ilflvrt., IM. 41.) 


Fig. 197. 



Sahat major, Unger 8|». Vov;iv, Lower 
Mmeene. (Heer, PI. 41.) Genus now 
pioper to America. 


The inferior sulxlivisiori of the Lower Molasse, called Aquitanian 
in Heer’s work, is best seen on the northtTii coast of tlic Lake of 
Geneva. Tlu^ bods consist of sandstone and conglomerate, and 
are nearly 2000 feet thick. The conglomerates are often very un- 
etjiinl in thickness, in closely adjoining districts, as might be expected, 
since in a littoral formation accumulations of pebbh's would swell out 
in certain places whei'e rivers entered the s(*a, and would thin out to 
comparatively sirtfill dimensions wheie no streams or only small ones 
eame down to the coast. These old shingle-beds attain in the Rigi, 
and ill the mountain called Speer, near Lucerne, a thickness of 5000 
and 7000 feet. 

Nearly tlu^ whole of this Lower Molasse is freshwater, yet some of 
the lowest beds contain a mixture of marine and fluviatile shells, the 
Crrifhtum margariUtcvum^ a well-known Lowi*r INIiocene fossil, being 
one of the marine species. Notwithstanding, tlierefore, that some of 
till's,* Lower Miocene strata reach an elevation of 6000 or even 7000 
ieet above the sea, the deposition of the whole series must have hogiin 
at or below that level. For ages, iu spite of a gradual sinking of the 
eoast and adjacent soa-bottoin, tlio rivers eontimied to covm* the 
sinking area with their deltas; but finally, the subsidence being in 
exei'ss, thi^ sea of the Middle Molasse gained upon the land, and 
m.-irine beds were thrown down over the den<e mass of freshwater 
and brackish- water dt‘[>osit, called the Lower IMolasse, wliieh had 
pri'viously acennmlated. 

The great change of level above alluded to must be borne in mind 
if we would aceoiinl fora jihenoinenon by which geologists have becu 
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much puzzled ; namely, the fact that in the “nagelflue,” as the conglo- 
merates are called by the Swiss, pebbles of gneiss, granite, and por- 
phyry are common, and yet no such rocks now enter into the struc- 
ture of the Alps. Along the original coast-lino, when the pebble- 
beds of the J.ower Miocene were forming, there may have been hills 
of grauitis and gneiss more than a thousand feet high, but when th(» 
subsidence had continued for a long series of years, these would all 
be gradually submerged and covered over by fluviatile sediment ; 
for tlie ellect of a general depression going on at a faster rate than 
the accumulation of sediment is to cause the shore-line to retreat 
inland, the sea occupying successively old zones of coast. Jn the 
present j)eriod we see at the southern base of the Alps in Italy, liills 
of gneiss and porphyry of moderate height, although rocks of this 
class form at present no part of the chain itself, and these crystalliiK; 
formations might be submerged and buried under deltas derived from 
the detritus of the higher Alps, if the level of the whole region were 
to be lowered by another great downward movement. 

As I have already stated, the inferior portion of the Swiss Lower 
Miocene, called Aquitaniaii by Ileer, may best be studied on the 
northern borders of the Lake of Geneva between Jiausanne and 
Vevay, where the contiguous villages of Monod and Rivaz are 
situated. The strata there, whicli I have myself examined, consist 
of alt(Tuations of conglomerate sandstone and finely laminated maiis 
with fossil plants. A small stream falls in a snccession of casea(l(‘s 
over the harder hods of pudeliugstone, wliich resist, while the sand- 
stone and plant-bearing shales and marls give way. From the latter 
no less than 193 sp(*cies of jdants have been obtained by the exertions 
of MM. Ileer and Gaudiii, and they are considered to afford a true 
type of the vegetation of the inferior subdivision of the Lower 
Miocene formations of Switzerland — a vegetation departing farther 
in its character from tliat now flourishing in Kurope than any of the 
higher members of tlie series before alluded to, and yet displaying 
so much affinity to the flora of Q^iiiiigen ns to make it natural for 
the botanist to refer the whole to one and the same Pliocene period. 
There are, indeed, no less than 81 species of these Older Miocene 
plants which pass up into the flora of G^hiingen, and in this number, 
says lleei’, are many of those which, by an abundance of individuals 
and by their arborescence, must have constituted a leading feature 
in the fore.^ts of Unit era. 

‘ Nearly all the plants at Monod are contained in three layers of 
marl separated by two of soft sandstone. The thickness of the marls 
is ten feet, and vegetable matter predominates so much in some layers 
as to form an imperfect lignite. One bed is filled with large leaves 
of a speci(*s of fig {Ficus populijia)^ and of a liornheain {Carpinus 
ffrandis), the strength of the wind having probably been great when 
they were blown into the lake ; whereas aiiolher contiguous layer 
contains almost exedusively smaller leaves, indicating, apparently, a 
diminished strength in the wind. Some of the upper beds at Monod 
abound in leaves of Proteucem, Cyperaceas, and ferns, while in some 
of the lower ones Sequoia^ Ciniiamomum, and Sparganium are 
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common. In one bed of sandstone the trunk of a large palm tree 
was found unaccompanied by other fossils, and near Vovay, in the 
same series of Lower Miocene strata, the leaves of a palm of the 
genus Sabal were obtained (see fig. 197. p. 257.). 

Among other genera of the same class is a Flabellaria occurring 
near Lausanne, and a magnificent Pho&nicites allied to the date 
palm. When these plants floiirished the climate must have been 
much hotter than now. The Alps were no doubt lower, and the 
palms now found fossil in strata elevated 2000 feet above the sea 
grew nearly at the sea-level, as is demonstrated by the brackish* 
water character of some of the beds into which they were carried by 
winds or rivers from the adjoining coast. 

In the same plant-bearing deposits of the Lower Molasse in 
Switzerland have been found no less than 20 species of Proteacea:, 
au ord(;r already spoken of as being well represented in the CEningeii 
beds, though by no means so plentifully as in these Low.er Miocene 
strata, and which were still more strikingly predominant in the ante- 
cedent Eocene and in the still more ancient Cretaceous formations. 

Fi?. 109. 


I’ip. riV 


Fig. 108. a. leaf of Dnjandroidei liaKetcfvha. Lower Miocene. ^ nal. ^ize. Monod, near 
Laiisimno. ( Heer, Fl. 0^. lig. C.) 
b. small piiitioii of (he Haine inagnilicd. (Heer, FI. 08. hg. 13.) 

Fig. lyo. Hakt’a irxulata. Huheii llhoiieii. Switzerland. Lower Miocna. Nat. size, (lleor, 
FI. OH. fig. 19.) 

i'lg. 2U0. Dtyandut Scluankii. Monod. Lower Miocene. A nat. stzi (Hecr, FI. 98. 
fig. 206.) 

f)iie of the above plants, Dryandra Sekrankii^ comes very near to 
JJ. fonnosa, R. Brown, a living New Holland species, and is con- 
sidered by lIctT as “ homologous,’' but the leaf only of the fossil is 
known. This is one of the species which cliaracterizeSfall stages of 
the Lower Miocene, and is not found in the Upper. It also occurs 
in Great Britain in the Miocene beds of the Island of Mull, in the 
Hebrides, and in the lignite of Bo\ey Tracey, in Devonslnre. 

The Proteas and other plants of this family now ilourisli at the 
Cape of Good Hope; while the B^mk^ias, and a set of genera diatinei. 
from those of Africa, grow most luxuriantly in ihu southern and 
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temperate parts of Australia. They were probably inhabitants, says 
Heer, of dry hilly ground, and the stiff leathery character of their 
leaves must have been favourable to their preservation, allowing them 
to float on a river for great distances without being injured and then 
to sink, when water-logged, to the bottom. It has been objected by 
some botanists that the fruit of the Proteaecae is of so tough and en- 
during a texture that it ought to have been more commonly met 
with, instead of being restricted to a single example like that of the; 
Hakea saligna before mentioned (fig. 191. p. 253.) ; but the season of 
fructification in these plants may not have coincided with that of the 
most active sedimentary deposition, and there may bo other reasons 
for the absence of the fruit of which wo are at present ignorant. 
Some mistakes have certainly been made, and Count Saporta has 
shown that one plant formerly referred to Dryandroides^ and of 
which he discovered the fruit, really belongs to the bog-myrtle, 
or sweet-gale tribe (^Myrica). But there Is no reason to question 
the general accuracy of the determination of the fossil Proteaceaj. 
Those of the cretaceous marls of Aix-la-Chapelle were formerly 
disputed, hut fortunately the leaves in that case, notwithstanding 
their antiquity, are so much better preserved than any known 
Miocene plants, that their epidermis can be (‘xamined microscopi- 
cally. A leaf from Aix whicb, from its form ;ind nervation, bad bi'en 
referred to the genus Crevifien, was found, when submitted to this 
test, to have regular and ijolygoiial cellules resembling in sha })0 and 

thickness those of fhe living G, 
20 i. oleoides of Australia. 

The eight or nine species of fig 
(^Ficus\ which are met with at Mo- 
nod and Rivaz, have; their nearest 
living analogues in the hotter parts 
of India, Africa, and America. 
Among th(^ Conifene the Sequoia 
luTC figured is coniiiniii at Kivaz. 
and is oik? of tin; must universal 
plants in the Lowest Miocene of 
Switzerland, while it also eharacter- 
izes the Miocene Brown Coals of 



Siv/Hijin LanffSftorJii. Ad. Hr ^ iiatiirnl 
sizf. I:i\a7. iic.ir J^aiiSHiiiiu. (lifer, I'l *il 
liy. 4 ; I' finer ami Loiier Miuceue and 
I>o»LT I’hoceiie, Val d’Ariio. 


(rermiiny and certain beds of the 
\ al d’AriK), which 1 have called 
Older Plioce ne, p. 195. 


A. young i one. 


It is an inten*sting fact that this 
tree should also liavo been disco- 


vered in the €nrtiirbrand or lignite of Jeelaud, and by Dr. Walker in 


Disco Island, in Greenland, in lat. 70*^ M. It comes so near to tlie liv- 


ing S, semjtervirms ( Taxodmin) of California, that some botanisis en- 
tertain doubts wlietlier tliey may not be varieties of the same species 
As a fos'^il, its geograpliical range extends from Greenland, lat. 70" K. 
to Sinigaglia in Italy, lat. 44*^ N., and in an east and west <lirec- 


tion from the Ihdu ides (Isle of Mull) to the Steppe of the Kirghis. 
Sir Jolin Iviehardson found this same fossil tree on the Mackenzie 
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River, two miles north of its junction with Bear River, lat. 65 ° N., 
or in about the same parallel as the north of Iceland. 

I am indebted to Prof. Heer for the annexed figure of this North 
American specimen taken from the original. 


Fig. 203. T • 



Sequoia Lang»florJii. iMackenzic Kiver, lat. 65° N. 

Sir (*. lUchardson, Voyage, 18.51, vol. i. p. 186.; vol. ii. p. 403. 
a. branch vith leaves, one year's growth. 

h. muler side of a leaf magnified, showing punctuations as in the living 5. semperviretu* 
c. male flowers. d. carpels of the cuue. c. seed. 

Ainuug the ferns met with in profusion at Monod is the LastrcBU 
siiriacn, Unger, which lias a wide range in the Miocene period from 
strata of the age of CEiiiiigeii to the lowest part of the Swiss 
molabse. 


Fig. 203. 



Lastrtra stiriaca, Ung. (Hecr's Flora, IM. N3. fig. 8.) 

Natural size, laiwer and Upper Miocene. Swiiierland. 
a. spocimrn from Monod, showing the position of the son on the middle of the tertiary 
nerves. 

fi. morn coininoii appearance, where the sort remain and the nerves are obliterated. 

Ill j^ome specimens, as shown in the annexed figure, the fructifica- 
tion is distinctly setni. 

In tlic U])per Miocene flora of CEiiingeii already described the 
number of forest trees and evergreen shrubs is very great. Their 
liredoniiiiance, however, in the period of the Lower Miocene was still 
more marked, and is characteristic of subtropical countries. No less 
than two-thirds, of all the ligneous plants were evergreens. 
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Among other features which cause this flora to resemble that of 
North America is the great abundance of trees of the order Amenta- 
eeae, sucli as the oak, poplar, alder, birch, willow, hornbeam, plane, &c. 

The papilionaceous plants, of which there are twenty-four genera, 
arc the most abundantly ropresentcd of all families, both in the 
Lower and Upper Miocene. But the laurels, of which there are only 
five genera, have contributed most leaves to the Miocene strata. 
Among these sevc?rnl species of Cinnamomum^ as before mentioned, 
are very conspicuoua. 

Besides C. poJtfmorpJiwn, before figured, p. 252., anotJier species 

also ranges from the Lower to thti 
Fig. 204. Upper Molasse of Switzerland, and is 

very characteristic of ditforcnt deposits 
of Brown Coal in Germany. It has 
been called Cinnamomum liossmass- 
leri by Heer (see fig. 204.). 

This plant is iiearl}^ allied to a living 
North Iiuliaii species, C. eueali/ptoides, 
Tlie leaves, as before mentioned, ar(* 
easily recognized as having two sid(» 
\eins, which run up uninterruptedly 
to their point. 

The lowest of the Swiss Miocene 
beds, the sandstone of Kalligeii, on 
the Lake of Thun, in which 32 ])laiits 
have been found, contains no less than 
6 species in cpmmon wdth (Eningen — a 
proportion of 18 in a hundred. Among 
them we find Tarodiinn, closely allied 
to the deciduous cypress# of the Mis- 

cmna«,nm,.n,no.n«a»,rr.-.».^.nopi,. a piiic, iiii aruiido, ond 

nogcvecmna>i o'n>joitn, \ n\ii'r Upiii-r one of tlic Proteiicea^, Drtjandroidcs Viq- 

and Lower Miucviie, Switzerland and . ^ ^ 

Germany. intlUH. 

Alleged differenee in the degree of affinitg of the Upper Miocene 
plants and shells to the living creation. 

Before concluding my remarks on the fossil Flora and Fauna of 
Switzerland, I may say a few words on the embarrassment which 
.some geologists have felt in consequence of the alleged anomaly of 
the results derived from the study of the fos.‘«il shells as compared to 
tlie fos.sil plants and insects. Of the shells of the marine Molasse 
which underlies the freshwater deposit of (Eningen, a fourth or 
more than a fourth have been declared by able eonehologists to be 
of sj)eeies still existing, whereas all the plants and insects have 
been said to differ from living ones. On looking more eloselj'^ into 
the evidence, we shall perhaps find that lliis supposed iiicoiisisteiicy 
disappears. 

Professor Heer, it is true, docs not identify any Miocene plants 
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with living species, but he has enumerated 72 species which he 
terms “homologous,” 40 of them known by their fruits as well as 
their leaves ; and although he is opposed to the doctrine of trans- 
mutation, he admits that these homologous species are so closely 
allied to the nearest forms now living, that the latter maly be their 
lineal descendants. He cannot, he says, decide “ whether the varia- 
tion has been brought about by some influence which has been 
exerted continuously for ages, or whether at some given moment of 
past time the old types were struck with a new image.” 

Now the degree of relationship here implied would be at once 
accepted by most naturalists as constituting specific identity. Let 
us suppose that the sessile variety of the common oak, Quercus 
rnfmr, had been only known to us as a fossil from (Eningen and not 
as a living form, and that the other living variety, in which the 
flower and acorns are supported on a stalk, was the only form now 
existing. The first of these would, according to the method adopted 
in Professor Herr’s work, rank os an extinct Miocene species ; 
whereas the two forms now co-existing in European forests are 
generally regarded by botanists ns mere varieties. That such a 
distinction would have been made by Hcer we are entitled to infer 
from the manner in which he has dealt with the fossil specimens of 
a plant called by him Planera Ungvri, To the leaves and fruit of 
this tree, which is allied to the elm, Unger had previously given the 
name of iP. Jiichardi^ identifying it with a tree now living in the 


Fig. 205. 



Planera Richardi,Vxt%er. P. Un^jeri, lloer. 

IJpprr Miocene. (Hcer, PI. MO., Flora Tort. Helvetia*.) 
a. a branch from (Kiiingcii. b. fruit magnified. c. leaf, (Eningen. 


Cnucnsns and Crete ; but Hecr had pointed out that in the fossil 
the size of the fruit w^as larger. When, however, in 1861, the Swiss 
Pj of(*ssor visited with me the rich herbarium of Kew, Dr. Hooker 
showed iivS a living variety of P, liichordi in which the fruit was 
fully as big as in that of CEningen, so that this last must retain 
Unger’s name, and this example, if there were no other, might 
suffice to warn us, in the present imperfect state of our knowledge 
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Fig. 206. 


not to indulge in too positive a belief that all the Miocene species 
have become extinct. 

Out of the 72 homologous species above mentioned, 67 are 
phmnogainous and only 5 cryptogamous ; but it may well be 
doubted whether among the 49 Miocene Cryptogamia described 
in Ilcer’s Flora Tertiaria, a much greater number, perhaps more 
than half, might not with propriety have received (provision- 
ally at least) the names of living plants. Ileer admits that 

the majority come very near to ex- 
isting species, and we know well 
how wide is the geographical range of 
the ferns, and still more of flowerless 
plants of lower grades, such as mosses, 
lichens, and fungi, many species of 
which are cosmopolitan, and therefore 
fitted, by their adaptability to vary- 
ing conditions, for a long duration in 
time. 

On the leaves of a fossil maple, 
Acer trilohatum^ already mentioned, 
fig. 183. p. 251., a small body is fre- 
quently seen resembling the living 
fungus which grows on maples, 
called by Fries Rht/tisma aeerbium. 
It is tuberculated and crenulated (sec? 
the magnified figure, b). The fossil 
a. ptift of Acer trfiobatnm ^^\th made SO dccp an indentation on 

'Sd the incumbent and subjacent layer of 
A. magnified vifw Of iJic fungus. to Icud IVofessor Ilcter to 

infer that it was somewliat thicker 
than the living form. Instead, there- 
fore, of treating it as a variety, he has called it R, mduratum^ under 
which title it helps to swell the list of extinct Miocjene species. 

In like manner there is a minute fungus, called by Ileer SpJue- 
ria ceuthocarpoides^ which spots the leaves of Populus ovalis at 
Qhiingen, very closely resembling the living Siphwria ceuthocftrpa 
of Fries. Some botanists would tliink it very hazardous to 
assign even generic names to such objects, and still more rash 
to decide that the fossil difiered specifically from its living ana- 
logue. 

Another of th(?se fungi forming black sj)ots on the fossil leaves of 
a poplar is proved in like manner to liave been a real substance, and 
not simply the effect of discolouration, for it has left indentations 
both on the under ami overlying layers of marl. To deeide that it 
is not a living species would require far ampler data. Some botanists 
are evem uncertain whether as much can be said of the Populus 
Iftltor itself of (Kningcn, on which the fungus grew, and of which 
seven varieties are described by Ileer, some of them coming very 
near to the Populus moniliferu of North America. 



(ileer, FI. 112. fig. 7.) Upper Miocene, 
(Eiiiiigen. 
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Similar comments might be made on the long list of homologous 
insects given by Heer from the Miocene strata of Switzerland. 
Their specific distinctness from their nearest representatives now 
living might appear to the zoologist in a very different light, accord- 
ing to the state of mind in which he may approach their study. If 
he is reflecting on the fact that all the Upper Miocene mammalia and 
a great majority of the testacea are extinct, and is then endeavouring 
to decide whether a fossil and a recent form, between whffeh there is 
a close affinity, should be regarded as varieties or distinct species, it 
may seem the safest course to incline to the latter alternative ; yet, 
by giving a new name to the fossil in doubtful cases, a serious re- 
sponsibility is incurred, as the naturalist thereby commits himself to 
an absolute negation of specific identity between such Miocene and 
living insects and plants. If it be right to exercise extreme caution 
in identifying, it is equally important not to separate individuals 
which may really belong t# the same species. In spite of the sound- 
ness and general accuracy of the conclusions arrived at by Professor 
Heer after such great and conscientious labours, there appears to me 
an inconsistency in one of his results, which may have been owing to 
an unwillingness to identify Upper Miocene and living plants. 
When we consult his tabular list of the fossil plants of Switzerland 
we find that a gnnit number of species pass from the Acpiitanian 
Flora to that of (Eningori, which are as distant from each other in 
nge as are the Fontainebleau sands from the Faluiis of the Loire. 
Hut scarcely one plant is admitted to have survived the shorter 
interval of time which separated the flora of (Eningen from 
our own cpocli. I say shorter interval, because, as we have seen, 
p. 215., all the shells of the P'ontainehleau sands differ from those 
of the Faluns, whereas a fifth part, and in some cases a third, of the 
shells of lalnniau deposits are still living. If, therefore, the differ- 
ential cliaracters of the plants had been measured in the same scale, 
jind without any bias, it appears to me that since many of them pHss 
from a lower to one of the uppermost members of the Miocene group, 
so a still greater number should have b(*en recognized as being com- 
mon to the uppermost Miocene period and the living creation. 

'Jlteori/ of (I Miocene Acluntis , — The bwiss plants of the ]\Iiocene 
)>eriod have bemi obtained from a country not exceeding one-tittli 
of Switzerland in area, yet the abundance of species in certain 
genera and families best adapted for ju’eservation in a fossil state is 
so great as to demonstrate that the Miocene was richer than the 
modern flora, rich and varied as the latter is w^ell known to be. 1 he 
researches already made imply, according to Heer, tliat in the phasiio- 
gainous class alone there must have been 3000 Miocene specie^, and, 
making due allowance and deductions on account ot thos'C wliicli are 
limited to certain subordinate members of the Miocene group, and 
which may not all have cxistc*d at once, he comes to the conclusion 
tliat in no ctjual urea in the South of Phirope (in Lombardy, for 
example, or Sicily) is there now so luxuriant and diversified a vege- 
tation. It exceeded in variety the Southern States of America, such 
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as Georgia and the Carolinas, and rivalled that of tropical countries, 
such as Jamaica and Bahia. 

The majority of the fossil forms are allied to living species or 
genera, )ut there are certain extinct types, specific and generic, 
which have a wide range through successive tiers of strata from the 
lowest. MolasHo up to those of CEmugcn, and there ia a certain 
ot chanicter stamped on the whole Miocene flora in sf)ito of the 
contrast between that of the uppermost and lowest formations. The 
proofs of a warmer climate, and the preponderance of trees and 
slinibs over herbaceous plants, and the excess of evergreen over 
deciduous pecies, are characters common to the whole flora, but 
which arc inteiisifled as we descend to the inferior deposits. On 
t)w other hand, the compnrniive miiiibcT of American forms, though 
always cotispicuous, is soitiewluU lessened in the lowest beds. The 
livilin AUKTU'tlU PliyG 11GCT\ avu Ihv m9§t prominent J thevse of 

Kurope are in the second rank ; those of*Asia in the third ; Africa 
in the fourth ; and New Holland in the fifth. Tn Europe it is the 
Mediterranean region ivliich prosents the greatest nnmh(*i* of analo- 
gous species. Jn Aiuori' .nc Southern United States, such as 
J.ouisiana, Florida, Geortria, the (Wolinas; in Asia, Japan, and 

the countries of the, Can * Asia Minor ; in Africa, the siinill 

islands in the Allaiit* *o (binaries and Madeira. 

If we consider m of species 1 “jt thost" plants 

which would cons ic Me » , the g'tniic , (Jio European jtart 

o( tlie fossil flora is mo j, ' wkgroii!)d. and flu* 

joregroujid is oecupi d oy A itcrica w» itss .... uoroi^'? ovcrgrcen 
oaks, inapl<‘s, poplars, planes’, 1/K(u:'ljtmbar, Hi liji’.a, iMuipu/i u 
odium, and lerniile-leaved pines, <iiiil .tri]uiii *’Oi itw itiany citiiijAiov 
trees .‘ind glyptostiohus, the Atlaiific Islands with Mieir laurels, aiul 
Asia ’^liiuu’ with t.s planera and Fopulus inutabili.s.-* During the 
Miocene ueriod in Europe, there was a singular coexistence of 
gene^Mc pes of plants wliicli are now peculiar to Ame*ricn, or to 
A’ ij*, or Af»" Australia; in a word, to parts of the globe ex- 
tremely disi 'cli other. This fusion of the charaeters now 

f)e)oi]g:ng to uotanical province.s beeonies more ir.arkial as 

we go bach Juiwer Miocene formations, and will bc^ found to 

be ^till moi ikingly e^«’niplifled in the aiitcceileut Eocene and 
i retaceon.’ periods. "In tlie J>*ower jNiiocene fcwiuations of Central 
Europe the climate seems to have been not only hotter but more 
uniform and humid, and ihis liuinidify would favour the formation of 
bed.s of lignite, such as eoustitiite tJie Brown (Joal of GfM*nuiny. 

The large number of Aineriean genera in tlu 3 Miocene flora 
induced huger to suggest that the present basin of the Atlantic 
was occupied by land, over wliich the Miocene plants could pass 
fre(*ly, and this hypotlje.sis has be(*n enlarged and awlvocated with 
great ability by IJeer. Jt seems at the first glance to derive much 
support from the fact that it is the Ea-stern or Atlantic side of North 


llcer and Gaudin, p. 59. 
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America, or that which is nearest to Europe, which presents the 
greatest number of vegetable forms analogous to the Miocene flora. 
But Dr. Asa Gray, following up a hint thrown out by Mr. Ben- 
tham. lias argued with great force that it is far more probable that 
the plants, instead of reaching Europe by the shortest route over an 
imaginary Atlantis, migrated in an opposite direction, and took a 
course four times as long across America and the whole of Asia. 

Tf the evidence in the botanical scale were equally balanced in 
favour of these two opposite theories, a geologist wou.J not liesitate 
to prefer that of Dr. Asa Gray as demanding an incomparably 
smaller amount of change in pliysical geogr'^.pby since the close of 
tJje Miocene period. It is true that s nee the beginning of that era 
there liave been vast altonitious in the level of the Alps and con- 
tiguous regions, as we have seen, p. 2o7., and in the Mediterranean, 
vs|)tjcialljr tlio Egcan Sen, p. 245. And there was yanhaps, or the 
JaU? Itidwiirtl Porbes o.oiil.eiidv*!, jtu 'wet+iwanl ol 

and North African hind even in the Pliocene period.* If, instead 
of 'issigning an almost historical date to a conlincntiil condition of 
i; ' i! brtvvcen Africa tiud the Southern Stales ol‘ North America, 
.•■i:C‘i might realise the story of the Atlantis spoken of by the 
1.'. '’^t...n priests to Plato, wc could look b 'ck through the whole 
innuv'l \vl *li t- pariUos us from the Eocene oi Cretaceous yjeriodN, 
we n?>gl\t ihcK II. deed freely grant, as geologic any amount of 
that Wiiy he r squired * 'hr yiosition f land mid sea. All 
wanlinc is time for the g »al dcrclviiwcnt of a long series 
€)l\uhierrfni>\'in nts; thnt hig cone* hsi, there would be no 

cxuggciTdlo.i in th. lino*-^ of the peer— 

“ K.'irthquukos l ave rfii.^od to hcavc*ii the huinhlc vale, 

Aiid mills ilic iiiountaiirH inictny mass »*ntonil'iMl, 

And wlicro tlio Atlaiiiic roJJb wide coiitineuts Jiavj bloouiOfJ -Beattie. 

It the enormous dejith and width of ihe / lieli makes 

us slirink from the hypothesis of a inigratioii of plain., filled fer a 
sub-tropical climate in tin* Up|)er Miocene period, from ,n.^rj a to 
Eurojn*, by a direct course from west to '‘an wc no 'seape from 

this dilficulty by ndopting the theory .n urns of v<getfilio/i 

common to Heceiit. America and Miocene Europe tirst oxt'.-.ded from 
east to west across North America and ])a.^sed thence by thdiring's 
Straits and the Aleutian Islands to Kumtschatka, and thence by land, 
jihuM'd botwei'ii the 4()th and (iOtli parallels of latitude where the 
Kurile Islands and Japan arc now situated, and thence to China, 
from which they made tJieir way across Asia to Eureyie ? 

If that he the ease, the hreak.s in a once eontimious province of 
ydants, and the extinction as well as the diminished range of many 
syieeics, might well have been caused by tho mighty revolutions in 
physical geography which we know to have occurred in various 
j»arts of this area in Post-mioceiic times. 


* See Map, vol. i. PI, 7. Memoirs of GUjoI. Survey, &c., 1846. 
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Professor Oliver, after making a careful analysis of Heer’s work, 
above cited, on the “ Tertiary Flora of Switzerland,” has given us an 
able essay on the bearing of the valuable store of facts tJierein con- 
tained on the two rival theories above alluded to.* In the first place he 
has tliought it safer to set aside all the cryptogamia, and to discard a 
certain number of the phaenogamous plants as having been doubt- 
fully determined by tlieir leaves alone ; but after these deductions 
tluu’c remain about 800 plants referred to 196 genera in the Swiss 
Miocene flora. It is of course understood that some of these deter- 
minations are very doubtful in the absence of fruit or flowers, but 
tJie positive data which remain are amply sufficient for sound 
generalizations, and we need not fear that these will be materially 
shaken by future discoveries. The reasoning is the more to be 
relied on because in so great a number of genera only twenty-one 
are extinct, fifteen of these being ^monocotyledonous and six dico- 
tyledonous. 

It is admitted that there is an unquestionable analogy between 
the Miocene flora of Central Europe and the Kecent flora of North 
America, and tliat the analogy is greater than between the same 
fossil flora and that now existing in Europe. But in the first place 
it is remarked by Dr. Asa Gray that the Swiss Miocene ydants arc 
more like those of Japan than they are like those now living in 
Europe, which at once suggests the idea that the American plants 
may have taken a westerly instead of an easterly route. In the 
next place it is remarked that, if we travel from Europe to the east, 
the farther we go the more we find th(5 living vegetation juittiiig on 
the characters of the Old Miocene flora. Thus in passing from the 
Mediterranean to the Levant, the Caucasus, and Persia, we meet, 
says Professor Oliver, with Chanuerops, Plulanus, JAr/uidamhar, 
Plcracarya^ JuylanSy &c. &c., then we trace along tluj Himalaya and 
through Clhina other Miocene genera, tluj east(*rn part of the Asiatic 
continent forming with Japan one great botanical region. In the 
Southern American States eighty-eight of the Miocene genera are 
now represented; but Professor Oliver gives a table to show tliat if 
we take Euroix', Asia, and Japan togetlier, as before suggested, there 
are no less than 120 Recent genera which are common to the Swiss 
^lioc(‘n(^ flora. Moreover there are some general features in wliich 
the living flora of Japan is mora like the Old Miocene vegetation 
of Europe than is the living flora of America. For (jxamplc, the. 
nine Tertiary orders which are numerically the largest are the 
following: — 1. Gramineie (grasses); 2. Compositfc ; 3. Cyperacem 
(sedges) ; 4. Salicacea^ (willows) ; 5. Coriiferaj (])ines) ; 6. Legii- 
minosm ; 7. Laurinesc (hiurelsl ; 8. Acerinem (maples) ; and 9. 
Proleace®. The six first of these are ineluded in the nine largest 
orders of Japan, and only four*of them, namely, the three first and 
the sixth, in the largest orders of the Southern States of North 
Aniei ica ; and further, the three last of the nine are much more 
developed in Japan iliaii in tlie Southern States. 

* Nat. Hist. Review, 1862, p. 149. 
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Heer estimates the proportion of ligneous species in the Swiss 
Aliocene as exceeding 60 per cent, of all the plants. Professor 
Oliver remarks on this subject that in Japan they constitute 40 per 
cent, of the whole flora, and only 22 per cent, in that of the Southern 
United States. There are seventy -seven genera common to the 
recent flora of Japan and to the European Miocene strata, and 
nearly the same number are common to the tertiary and the living 
flora of Europe ; but the genera which are common in these two 
instances m*e by no means the same, and no less than twenty-six of 
the Jajainese list are wanting in Europe, having become extinct 
there since the Miocene period. Not a few of these, such as Cinna- 
momum and Gb/ptostrohuSy play a conspicuous part among the fossils. 

In order to understand the disappearance of so many forms, we 
have only to call to mind the great geographical changes already 
alluded to, whicJi are known to have taken place in Eastern Europe 
and Western Asia since the Miocene era. It seems at first sight 
an anomaly that the plants on the eastern side of North America 
should agree more closely with those of Japan than does the flora of 
the intervejiing countries, Oregon and California, west of the llocky 
Mountains. It would naturally lead us to conjecture that many of 
the Miocene, genera of Europe now found only on the Atlantic side of 
North America may once have ranged to the Pacific side. In favour 
of such an hyjiothcsis, it may be mentioned that^in 1859 Lesguereux 
discovered in a fossil states in Vancouver’s Island and in Oregon many 
of the Miocene gcjieia which are no longer represented in the flora now 
living on the west side of the Rocky Mountains. Among these tiiere 
is a Cinnamomum resembling C. liosHniassleriy see fig. 204., a planer- 
tree*, like Plancra Pichnrdi, a Glpptostrobus like G, CEningensiSy 
Br,, and a fan i)alm, besides willows and maples, the whole assem- 
blage implying a wanner climate in Oregon in the Mio(*.ene period, 
and also pointing to the spread of a similar vegetation across the 
whole American continent in ancient times. 

Ill 8up])ort of the Atlanlis theory, lleer has pointed out that cei - 
tain Ainei’iean genera, such as Oreodaphne, closely related to C>. 
fmtens or the Til, also Ckthra^ Bysiropogon^ Cedronella^ and others, 
are common to the Miocene of Europe, and to the flora of Madeira 
and Porto Santo, and to that of the Canaries and Azores. Had the 
number of genera proper to these islands, especially to the Azores, 
been very considerable, this argument would be entithal to have 
great weight, for such Atlantic islands would then appear to have 
been the last remnants of a lost continent over wliich a continuous 
vegetation onc.e ranged from west to east. But Professor Oliver 
truly observes that the botanical types having the geological and 
geographical I'clations required by the hypothesis are extremely few 
in the Atlantic islands. Moriiover two of those above cited, Clethra 
and Cedromdla^ are of little or no value, as s])ecies of both of them 
now grow in Japan, and some of the other plants may have reached 
the Atlantic islands at the time when these were united with 
Barbary, and Barbary with Euro 2 )e, at which same period many 
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ICuropnan lcand-sh(;lls sincl pljinU now flourishing in Madeira and 
l^orto Santo may liavo migrated thither. 

The (^xistcnce of a continuous land communication between Eastern 
America and VVe.^tern Europe in the Pliocene period, by means of 
which many plants migrated, before the Glacial period, from one 
r(*gion to tlie other, was suggested by Mr. Darwin in liis “ Origin 
of Species” (ebap. xi., 1859); and Dr. Leidy has observed that 
a like continuity of land from east to west is implied by the identity 
of some of the extinct Pliocene mammalia of the Niobrara Valley in 
Nebraska with those of a corresponding geological age in Europe. 
The ideal map given by lleer of tlio Atlantis represents a continent 
as Iarg(i as Europe precisely in that portion of the Atlantic Ocean 
which is now the broadest and deepest.* The depth lias been lately 
shown to range in the central parts from two to three miles. To 
suppose that a continent, therefore, was so situated up to the close 
of the Miocene period, when the American ty[>es, as seen at CEn ingen, 
were most dominant, would imply a jirodigious amount of subsidence 
in a comparatively brief period. In the lifetime of a single genera- 
tion of men, plants, of which the sihmIs have been unintentionally 
transported to a distant coast, have made their way for many miles 
into the interior without human aid. A botanist, th(*refore, might 
form some rude estimate of the number of centuries whieh would 
required for an assemblage of plants to spread over land s(^verai 
thousand miles in extent from east to west; but no geologist would 
venture to estimate the ages required to convert as many thousand 
miles of land into a shallow sea and then turn that vast shoal into 
a sea-bottom two or three miles d(‘ep. 

Even if we were called upon to imagine that the IMioecuie flora 
originated in the Southern United States, in Georgia and tlu^ Caro- 
linas for examjile, ajid that they made their way overland westward 
for a distance of 16,000 miles to Europe, we rniglit cone(‘ive such a 
migration to be performed in a piere Ihiction of the period which it 
would take to convert Africa or North America into an ocean as 
deep as the Atlantic. 

Behring’s Straits do not exceed in deptli and width the Straits of 
Dover, so that the former union of North America with Asia would 
demand only a slight change of level, mid the present existence of 
such chains of islands as the Kurile and Aleutian nitikes it easy to 
iimigine that there may have bet * a post-iniocene connection be- 
tween Kanitschatka, Japan, and China. Indejiendently, therefore, of 
the botanical arguments in favour of a migration from cast to west, 
this latter theory involves us in far Ic.^s hazardous speculations as to 
gi*o:iraphical change than that of a Miocene Atlantis. 

We are not, however, entitleu to take for granted that some of the 
American types may not have cro>s»*d to Europe in higli Northern 
latitude.-, when Greonlaiul, Iceland, and the Hebrides were united 
by a (‘oiitiiiuoiis land communication. And in support of this view it 

* Ileer and Cbiiidiii, Flora Tortiaria IJidvctiaj, vol. iii. PI. 15G. fig. 9., and lic- 
clicrcliub bur Ic CliuuiL, Pi. 1. fig. 9.^ 
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may be urged that a Miocene flora has been discovered in several parts 
of the Arctic lands, especially in Disco Island, in Greenland, lat. 
70^ N., and in Iceland, and, as above mentioned, p. 239., in the 
Island of Mull in the Hebrides. But in the first place, in reference 
to these northern mioceno deposits, it may be observed that palms 
and other tropical forms are wanting ; and secondly, the depth of 
the ocean in the regions alluded to is very great. Sir L. Mac- 
Clintoch, when sounding for the proposed submarine telegraph, 
found a depth of 4092 feet between Scotland and Iceland, and again 
a depth of no less than 9432 feet between Iceland and Greenland. 
Possibly the number of fathoms might not be so great if a survey of 
the Arctic Seas were made in a still more north-westerly direction 
from Iceland to Greenland, but we have no data at present which 
favour this notion. 

Upon the whole, the ^theory which derives the American types 
from the east instead of the west seems by far the most natural, and 
it seems to acquire still more claims to our favour when we study the 
J’ossil shells and corals of that ancient period as well as the plants. 
In 18o0, Mr. John Garrick Moore pointed out that certain tertiary 
shells of San Domingo exhibited affinities to the mioceiie shells of 
Europe*, and that altliough such of the San Domingo species as 
agreed with the living were chiefly Atlantic forms, there were some 
so closely allied to the existing Pacific fauna as to lead him to infer 
that there had been a channel in Miocene times through what is now 
the Isthmus of Panama, by which the mollusca could have migrated 
from one ocean to the other. Such an hypothesis, he observes, will 
be the more readily accepted when we consider that the isthmus no- 
where attains an elevation exceeding 1000 feet, which is not lialf the 
height to which the marine Miocene strata of San Domingo have 
been uplifted since their deposition. 

Similar inferences have lately been drawn by Dr. Duncan f, from 
the corals of San Domingo, Antigua, Jamaica, Barbadoes, and other 
West Indian islands. They are allied in a most unequivocal manner 
to tlie corals of the Faluns of Vienna, Bordeaux, Dax, Saucats, 
and Turin, while at the same time the forms are those of the Pacific 
and not of the Caribbean Sea and Atlantic. Dr. Duncan concludes, 
therefore, not only that there was no Isthmus of Panama, but also 
that there was no great barrier of land or Atlantic eotitiiient sepa- 
rating the Miocene seas of Europe from the contemporaneous seas of 
the West Indies. The bearing of these views is the more direct on 
the theory of an Atlantis before discussed, because the affinities of 
the marine shells and the corals belong precisely to that period (the 
Upper Miocene), when tlie flora of Europe was most American. 
There may have been, as Dr. Duncan supposes, numerous islands in 
the Atlantic, large and small, as there are now in parts of the Pacific 
and Indian Oceans where corals abound, but there could not have 
been that continuity of laud which is represented in Heer’s ideal map 


Quart. Gcol. Jouru., 1850, vol. iv. p. 43. 


t Ibid. vol. xix. p. 455. 
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of the Atlantic already cited, p. 270 ., which would be indispensable 
ill order to produce an affinity in so many genera and oven species of 
plants as is observed between the Recent American and the Swiss 
IVliocene flora. 

It is riglit, however, before concluding this subject, that I should 
warn the reader that much of the reasoning employed by those who 
have taken part in discussing the probable existence of a Miocene 
Atlantis, whether as advocates or opponents of the hypothesis, has 
proceeded on the assumption that the geographical distribution of 
genera has been governed by laws strictly analogous to those which 
govern the distribution of species. When Professor Ileer speaks of 
plants called by him homologous, and shows that about half of these 
are common to Miocene Europe and to the living flora of Aniericii, 
and that this is more especially true of those closidy-allied or homo- 
logous species wliich are known by their, fruits as well as their 
leaves, the force of his argument will bo fully appreciated by all who 
believe that each species has had a single birthplace, or has been 
formed in one limited g(*ographical area from which H may hav(* 
migrated to distant parts ; for Ileer supposes the homologous living 
species to be the hereditary descendantsof their closely-allied rniocimc 
jirogeiiitors. But when the reasoning is founded on plants which have 
only a generic connection, as in a great part of I leer’s work, and 
(everywhere throughout the essay of Professor Oliver, its force dejicnds 
oil th<j previous assumption that, not only the individuals of a sjiecios, 
but also the diflerent species of a genus, have radiated from certain 
geographical areas which constituted the original starting-point.s of 
such genera. This is not the place to enter into a (piestion so difli- 
oult and unsettled as that of the origin of species, but whether we 
adopt or reject the doctrine of transmutation, it is necessary to bear 
in mind when we compare the recent and fossil flora and endeavour 
to ascertain whether the iniocom* plants came to Europe by a western 
or eastern rout(», that a single identical or very clo.sely allied species 
is of more value than a great many genera n^pn'sented by species 
not closely allied. Thus, for e.Vaiiiple, Ileer considers the walnut- 
tree of (Eningim called Jutjhuis hilinica to Ixi liomologous with tlie 
living American hiekory, Jmjlavs and tJiat another Upper 

^Mioexme walnut of Europe, Juglans vettrsta, is homologous with our 
eoinmon walnut. regia, which was lirst brought into Europe 
from lV*r.si}i. When, therefore, the Swiss Professor founds on the 
one an argument in favour of a migration across an Atlantic conti- 
nent lor the Miocene walnuts of Switzerland, and Professor Oliver 
founds on (he other an Asiatic route for tlie same, their reasoning is 
logical and its eogeiicy is gn?at in proportion to the identity or very 
near affinity of the fossil and i 'cent plants which are compared. 
But several other Tertiary walnuts of Switzerland have a compara- 
tively remote; be aring on the quesliem of a Miocene; Atlantis, be*eaii.se 
Ji/glatis, as a genus, flourished in Kurojic in- the Eocene;, and oven, 
according to (b")pp»-rt, iii the ante*ce*deiit Cretaceous period. Some, 
therefore, of tlie Miocene species of Juglans may have come from 
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indigenous European Eocene, or even Cretaceous ancestors ; and 
the same remark applies to a great number of the genera of other 
orders and classes which are common to the Miocene flora of Europe 
and to older tertiary rocks. Thus eight out of 232 fossil species of 
Monte Bolca, a locality where the rocks belong to the Nummulitic 
or Middle Eocene period, pass up into the Miocene formations, ac- 
cording to Massalongo and Heer.* 

The Proteacese also abounded in the Eocene strata of England, 
France, and Italy, and in the cretaceous rocks at Aix-la-Chapelle. 
To these countries, therefore, rather than to Australia and Africa, we 
ought to look for the origin of many of the species of that order 
^ which we find both in the Upper and Lower Miocene formations. 

But notwithstanding the caution which we must use in our specu- 
lations on the alleged aflinity of tho Miocene flora of Europe to the 
living plants of America and other countries, I consider the general- 
izations of Unger, Asa Gray, Ileer, Oliver, and others on this sub- 
ject, to bo most important, and that their investigations cannot fail 
to throw great light on tho past history of species and genera in the 
vegetable kingdom. 

UPPER MIOCENE FORMATIONS, INDIA. 

Sith- Himalayan or Siwalik Hills, — Tho Si wall k Hills lie at the 
southern foot of tho Himalayan chain, rising to the height of 2000 
and 3000 feet. Between the Jumna and the Ganges they consist of 
inclined strata of sandstone, shingle, clay, and marl. We are 
indebted to the indefatigable researches of Dr. Falconer and Sir 
Proby Cautley, continued for fifteen years, and to tho labours of 
other scientific oflicers in the Indian service, for the discovery in 
these marls and sandstones of a great variety of fossil mammalia 
and reptiles, together with many freshwater shells. Fifteen species 
of shells of the genera Valndinay Melania, Ampullaria, and Unio 
were shown by Falconer and Cautley in 1846 to the late Pi’ofessor 
E. Forbes, who pronounced them to be all extinct or unknown 
species with the exception of four, which are still inhabitants of 
Indian rivers. Such a proportion of living to extinct mollusca 
agrees well with tlie usual character of an Upper Miocene or Falu- 
nian fauna, as observed in Tourainc, or in the basin of Vienna and 
elsewhere. 

The genera of mammalia point in tho same direction. One of 
them, named originally Anoplotherium, was at first considered to 
supply a link between this Indian fauna and that of the Eocene 
period of Europe, but it is now recognized to belong to the genus 
Chaliibiherium (or Anisodon of Lartet), a pachyderm intermediate 
between the Rhinoceros and Anoplothere, and characteristic of the 
Upper Miocene strata of Eppelsheim, and of Sansans in the Depart- 
ment of Gers in the South of France. With it occurs also an 
extinct form of Hippopotamus, called Hexaprotodon, and a species of 

* RechcrchoB, &c., Heer aod Gaudio, p. 79. 

T 
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Hippotherium and pig, also two species of Mastodon^ two of 
elephant, and threo other elephantine proboscidians ; none of them 
agreeing with any fossil forms of ^Europe, and being intermediate 
between the genera Elephas and Mastodon, constituting the sub- 
genus Stegodon of Falconer. With these are associated a monkey, 
allied to the Semnopithecus enteUus^ now living in the Himalaya, 
and many ruminants. Amongst these last, besides the giraffe, camel, 
antelope, stag, and others, we find a remarkable new type, the Si- 
vatherium, like a gigantic four-horned deer. There are also new 
forms of carnivora, both feline and canine, the Machairodus among 
llie former, also hya3nas, and a subursine form called the Ilyamarc- 
tos, and a genus allied to the otter (Enhydriodon), of formidable 
size. 

Tlie giraffe, camel, and a large ostrich may be cited as proofs that 
there were formerly extensive plains where now a steep chain of 
hills, with deep ravines, runs for many hundred miles east and west. 
Among the accompanying reptiles are several croc^odiles, some of 
huge dimensions, and one not distinguishable, says Dr. Falconer, 
from a species now living in the Ganges {C.Gmigeticm\ and there is 
still another saurian which the same anatomist has identified with a 
species now inhabiting India. There was also an extinct species of 
tortoise of gigantic proportions (^Colossocheh/s Atlas\ the curved 
shell of which was twelve feet three inches long and eight foot in 
diameter, the entire length of the animal being estimated at eighteen 
feet, and its pix)bable height seven feet. 

TJiat some of the reptiles should, as well as many of the shells, 
have survived from the Upper Miocene to the human epoch, ne(‘d 
searcely excite surprise, for we have no reason to assume that tlie 
mean temperature of India in the Miocene period differed inaforially 
from that which now prevails ; although the climate must have been 
greatly modified by the revolution which has since occurred in the 
physical geography of the district. The heat may be as great now, 
if not greater, than wbcii the Slvatherium and Chalicotlieriuin 
flourished. 

Numerous fossils of the Siwalik type have also been found in 
Ferim Island, in the Gulf of Cambay, and among these a species of 
Dinolherium, a genus so charact<'ristic of the Upper Miocene period 
iu Europe. 

Atlantic Islands, — Something win be said of the U})pcr Miocene 
formations of marine origin iu Madeira, the Caiiaiy Islands, and the 
Azores, when I speak, in the thirty-first chapter, of the volcanic rocks 
of those countries. 

Older Pliocene and Miocene formations in the United States . — 
Between the Alleghany Mountains, formed of older rocks, and the 
Atlantic, there intervenes, in the United States, a low region occu- 
pied principally by beds of marl, clay, and sand, consisting of the 
cretaceous and tertiary formations, and chiefly of the latter. The 
general elevation of this plain bordering the Atlantic does not ex- 
ceed 100 feet, although it is sometimes several hundred feet high. 
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Its width in the middle and southern states is very commonly from 
100 to 150 miles. It consists, in the South, as in Georgia, Alabama, 
and South Carolina, almost exclusively of Eocene deposits ; but in 
North Carolina, Maryland, Virginia, Delaware, more modern strata 
predominate, which, after examining them in 1842, 1 supposed to be 
of the age of the English crag and faluns of Touraine.* If, chro- 
nologically speaking, they can be truly said to be the representatives 
of these two European formations, they may range in age from the 
Older Pliocene to the Miocene epoch, according to the classification 
of European strata adopted in this chapter. 

The proportion of fossil shells agreeing with recent, out of 147 
species collected by me, amounted to about 17 per cent., or one-sixth 
of the whole ; but as the fossils so assimilated were almost always 
the same as species now living in the neighbouring Atlantic, the 
number may hereafter be augmented, when the recent fauna of that 
ocean is better known. In different localities, also, the proportion 
of recent species varied considerably. 

On the banks of the James River, in Virginia, about twenty miles 
below Richmond, in a cllfiT about 30 feet high, I observed yellow and 
white sands overlying an Eocene marl, just as tlie yellow sands of 
the crag lie on the blue Ltoudon clay in Suffolk and Essex in Eng- 
land. In the Virginian sands, we find a profusion of an Astarte 
(j 4, undulatay Conrad), which resembles closely, and may possibly 
l>e a variety of, one of the commonest fossils of the Suffolk Crag 
(/I. bipartita) ; the other shells also, of the genera Natica^ Fissurella^ 



ArU^iSy Lucina^ Charua, Pectunculus^ and Pcctcn^ are analogous to 
shells both of the English crag and French faluns, although the 
species are almost all distinct. Out of 117 of these American fossils 
1 could only find 13 species common to Europe, and these occur 
partly in the Suffolk Crag, and partly in the faluns of Touraine ; 
but it is nn important characteristic of the American group, that it 
not only contains many peculiar extinct forms, such as Fusxis fjua- 

* Trocccd. of the GcoL Soc., vol. iv. Pt. 3., 1845, p. 547. 


276 LOWER MIOCENE — NEBRASKA. [Ch. XV. 

dricostatus, Say (sec fig. 208.) and Venus tridacnoideSy abundant in 
these same formations, but also some shells which, like Fulgur 
carica of Say and F, canaliculatus (see fig. 207.), CalypireBa costata, 
Venus mercenariuy Lam., Modiola glandulay Totten, and Pecten 
mageUanicuSy Lam., are recent species, yet of forms now confined to 
the western side of the Atlantic — a fact implying that some traces 
of the beginning of the present geographical distribution of mollusca 
date back to a period as remote as that of the Miocene strata. 

Of ten species of zoophytes which I procured on the banks of 
the James River, one was formerly supposed by Mr. Lonsdahj to bo 
identical witli a fossil from the faluns of Tourainc, but this sjiecies 

(see fig. 209.) proves on ro-examina- 
tion to be different, and to agree gene- 
rically with a coral now living on tlio 
coast of the United States. With 
respect to climate, Mr. Lonsdale re- 
gards these corals as indicating a tem- 
perature exceeding that of the Medi- 
terranean, and the shells would lead 
to similar conclusions. Those occur- 
ring on the James River are in the 
37th degree of N. latitude, while the 
French faluns are in the 47th; yet 
the forms of the American fossils 
would scarcely imply so warm a climate as must have prevailed in 
France when the Miocene strata of Tourainc originated. 

Among the remains of fish in these Fost-cocone strata of the 
United States are several large teeth of the shark family, not dis- 
tinguishable specifically from fossils of the faluns of Touraiiie. 


Fig. m 



Jstrangfa lineata^ I^on^dale. 
Syn. AnthophifUum lineatum, 
Williamsburg, Virgitria. 


LOWER MIOCENE, UNITED STATES. 

Nebraska , — In the territory of Nebraska, on the Upper Mis- 
souri, near the Platte River, lat. 42° N., a tertiary formation 
occurs, consisting of white limestone, marls, and siliceous clay, 
described by Ur. D. Dale Owen *y in which many bones of extinct 
quadrupeds, and of chelonians of land or freshwater forms, are 
met with. Among these, Dr. Leidy describes a gigantic qua- 
druped, called by him Titanotheriumy nearly allied to the Palceo- 
theriumy but larger than any of the species found in the Paris 
gypsum. With these are several species of the genus Oreodony 
Leidy, uniting the characters of pachyderms and ruminants also ; 
EuerotaphuSy another new genus "‘f the same mixed character ; two 
species of rhinoceros of the sub-genus Acerotheriumy a Lower Mio- 
cene form of Europe before mentioned ; two species of Archeeothe- 
riunty a pachyderm allied to Charopotamus and Hyracotherium ; also 
PoBhrotheriuniy an extinct ruminant allied to Dorcatheriumy Kaup ; 

* David Dale Owen, Geol. Survey of Wisconsin, &c.; Philad. 1852. 
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also Agriocliagus of Leidy, a ruminant allied to Merycopotamus of 
Falconer and Cautley ; and^ lastly, a large carnivorous animal of 
the genus Machairodus^ the most ancient example of which in 
Europe occurs in the Lower Miocene strata of Auvergne, but of 
which some species are found in Pliocene deposits. The turtles are 
referred to the genus Testudo, but have some affinity to Emys. On 
the whole, the Nebraska formation is probably newer than the Paris 
gypsum, and referable to the Lower Miocene period, as above 
defined. 
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CHAPTER XVT. 

EOCENE FORMATIONS. 

Upper Eocene Rtrata of England — Fluvio-marine series in the Isle of Wight and 
Hampshire — Successive groups of Eocene Mammalia — Boundary-line between 
Lower Miocene and Eocene — Fossils of Barton Clay — British Middle Eocene — 
Shells, nummiilites, fishes, and reptiles of the Bagshot and Bracklcsham beds — 
Vegetation of Middle Eocene period — ^Lower Eocene strata of England — Fossil 
plants and shells of the London Clay proper — Strata of Kyson in Suffolk — 
Plastic clays and sands— Thnnct sands — Eocene forn)ations of France— Gyp- 
seous series of Montmartre and extinct quadrupeds — Fossil footprints — Calcairc 
grossier — Miliolites — Lower Eocene in France — Nummulitic formations of 
Europe, Africa, and Asia— Their wide extent — referable to the Middle Eocene 
period — Eocene strata in the United States - Section at Claiborne, Alabama — 
Colossal cetacean — Orbitoidal limestone — ^Burr stone. 

The strata next in order in the descending series are those which 
r term Upper Eocene. In tho accompanying map, tho position of* 
several Eocene areas is pointed out, such as tho basin of the Thames, 


Fig. 210. 

Map of the principal tertiary baslna of the Eocene period. 



I iogcne rnrkii and Ntrata 
dcr than the DcTonian 
or Old Red series. 


Eocene formations. 


N. B. The spare left blank Is occupied by seer .dary formations from tho Devonian or old red 
sandstone to the chalk inclusive. 


part of Hampshire, part of the Netherlands, and the country round 
Paris. The three last-mentioned areas contain some marine and 
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freshwater formations, which have been already spoken of as- Lower 
Miocene, but their superficial extent is insignificant, except in the 
Paris basin between the Sekie and the Loire. 


UPPER EOCENE FORMATIONS, ENGLAND. 

The following table will show the order of succession of the strata 
found in the Tertiary areas, commonly called the London and Hamp- 
shire basins. (See also Table, p. 103. et seq,) 


LOWER MIOCENE. 

Hempstead beds, Isle of Wight, see above, p. 237. 


Thicknemt. 
170 feet. 


UPPER EOCENE. 

A. 1. Bcmhridgc Series -North coast of Isle of Wight - - - 120 

A. 2. Osborne or St. Helen’s Series — ibid. - - - - - 100 

A. 3. Headon Series — Isle of Wight, and Hordwell Cliff, Hants - 170 

A. 4. Barton Clay — Isle of Wight, and Barton Cliff, Hants - - 300 


MIDDLE EOCENE. 

B. Bagshot and Bracklcshaiu Sands and Clays — London and 

Hants basins 700 


LOWER EOCENE. 

C. 1. London Clay proper and Bognor beds — London and Hants 


basins - 350 to 500 

C. 2. Plastic and Mottled Clays and Sands — London and Hants 

basins - -- -- -- -- - 100 

C. 3. Thanet Sands— lieculvers, Kent, and Eastern part of London 

basin - - ..------90 


Tlic true relative position of the Hempstead beds and of the Bem- 
hridge, A. 1., and the Osborne or St. Helen’s series, A. 2., were not 
made out in a satisfactory manner till Professor Forbes studied 
them in detail in 18d2. The true place of the Bagshot sands, B., 
and of the Thanet sands, C. 3., was first accurately ascertained by 
Mr. Prestwich in 1847 and 1852. 


UPPER EOCENE, ENGLAND. 

Bemhridge series, A. 1. — These beds are about 120 feet thick, and, 
as before stated (p. 238.), are conformable with the Hempstead 
beds, near Yarmouth, in the Isle of Wight. They consist of marls, 
clays, and limestones of freshwater, brackish, and marine origin. 
Some of the most abundant shells, as Cyrena semistriata var., and 
Paludina lenta, fig. 176. p. 238., are common to this and to tlio over- 
lying Hempstead series ; but the majority of the species are dis- 
tinct. The following are the subdivisions described by Professor 
Forbes : — 
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а. Upper marls, distinguished hy the abundance of Melania turritissima^ Forbes 

(fig. 211.). 

б. Lower marl, characterized by Cerithium mutabile, Cyrena pukhrat &c., and 

by the remains of Trionyx (see fig. 212.). 


Fig. 211. 



21elania turritissima^ Forbei. Fragment of Carapace of Trionyx, 

Beinbrldge. Bumbridge Beds, file of Wight. 

Green marls, often abounding in a peculiar species of oyster, and accompanied 
by Cerithia, MytUi, an Area, a Nucula, &c. 



Fig. 213. 



Bulimus ellipticHSy Sow. 
Uembridge Limestone, 
i nat. size. 


Fig. 214. 



Helix aerlusay Edwards. 
Bi^mbridire Limestone, 
Isle of Wight. 


Fig. 215. 



Paludina orbicularis, Bcxnbridge. 


d, Bembridgo limestones, compact cream-coloured limestones alternating with 
shales and marls, in all of which land-shells are common, especially ut 


Fig. 216. 


Fig. 217. 





Planorbis discus, Kdwards. Bern- Lymnea longiscata, Brard. 
bridge. ^ diam. Nat. size. 


Fig. 218. 



Chara tuberculaiam 
Bembridgc Lime- 
stone, 1. of Wight. 
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Sconce, near Yarmouth, as described by Mr. Edwards. The Bulimua ellijh- 
ticus, dg. 213., and Helix occlusa, dg. 214., are among its best known land- 
shells. Paludina orhicuhirvt^ tig. 215., is also of frequent occurrence. One 
of the bands is tilled with a little globular Paludina, Among the freshwater 
pulinonifera, Lynmea longiscata (dg. 217.) and Planorhis discus (fig. 216.) are 
the most generally distributed : the latter represents or takes the place of the 
Planorbis euomphalwt (see dg. 221.), of the more ancient Hcadon series. Chara 
tuberculata (dg. 218.) is the characteristic Bembridge gyrogonite. 

From this formation on the shores of Whitecliff Bay, Dr. Mantell 
obtained a fine specimen of a fan palm, Flnhellaria Lamanonisy 
Broiig., a plant first obtained from beds of corresponding age in the 
suburbs of Paris. The well-known building-stone of Binstead, near 
Ryde, a limestone with numerous hollows caused by Cyrence which 
have disappeared and left the moulds of their shells, belongs to this 
subdivision of the Bembridge series. lu the same Binstead stone Mr. 
Pratt and the Rev. Darwin Fox first discovered the remains of mam- 
malia characteristic of the gypseous series of Paris, as Palceotherium 
magnum (fig. 220.), P, mediumy P, minuSy P, 
mimimumy P, curtumy P. crassum ; also Ano^ 
plotherium commune (fig. 219.), A, secundariuniy 
Dichobune cervinumy?LX\^ Ch(eropotnmus Cuvier i. 

The genus Paleothere, above alluded to, re- 
sembled the living tapir in the form of the head, 
and ill having a short proboscis, but its molar 
teeth were more like those of the rhinoceros. 

Paleotherium magnum was of the size of a 
horse, three or four feet high. The annexed 
woodcut, fig. 220., is one of tho restorations 
which Cuvier attempted of the outline of the 
living animal, derived from the study of the entire skeleton. As the 


Fig. 21 D. 



Lower molar tooth, 
nat. size 

Anoplothertum commune, 
Binstead, Isle of Wight. 


Fig. 220. 



vertical range of particular species of quadrupeds, so far as our 
knowledge extends, is far more limited than that of the tcstacea, 
the occurrence of so many species at Binstead, agreeing with fossils 
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of the Paris gypsum, strengthens the evidence derived from shells 
and plants of the synchronism of the two formations. 

Osborne or St, Helenas series^ A. 2. — This group is of fresh and 
brackish-water origin, and very variable in mineral character and 
thickness. Near Ryde, it supplies a freestone much used for build- 
ing, and called by Prof. Forbes the Nettlestone grit. In one part 
ripple-marked flagstones occur, and rocks with fucoidal markings. 
The Osborne beds are distinguished by peculiar species of Paludina^ 
Melania^ and Melanopsis^ as also of Cypris and the seeds of Chara, 

Hendon series^ A. 3. — These beds are seen both in WhiteclifF Bay 
and in Headon Hill, or at the e<ast and west extremities of the Isle 
of Wight. The upper and lower portions are freshwater, and the 
middle of mixed origin, sometimes brackish and marine. Kverywhere 
Planorlm euomphalus, fig. 221., characterizes the freshwater depo- 
sits, just as the allied form, P, discus, fig. 216., does the Bembridge 
limestone. The brackish-water beds contain Potaniomya plana, 
Cerithium mutahile, and Potamides cinctus (fig. 44. p. 30.), and the 


Fig 221. 


Fig. 222. 




Planar his t'uomphalu^^ Sow. 
Hill. 4 ^>ain. 


Ilelix'lafn/rmlhica, Say. Tlparton Hill, Isir of Wight ; 
ail'd Uordweli Cliff, Hants— also recent. ^ 




marine beds Venus (or Cytherea) incrassata, a species common to 
the Limburg beds and Gres de Fontainebleau, or tlie Lower Miocene 
series. The prevalence of salt-water remains is most (jonspicuous 
in .some of the central parts of the fonnation. Mr. T. Webster, in 
his able memoirs on the Isle of Wight, first separated the whole 


Fig. 223. 



NeriVna conrava, 
Hcadoii scriei. 


Fig. 221. 



J 4 f?nnea caudaia, 
Uciidoii Beds. 


Fig. 22'). 



Cerithium coneavum. 
.Ileauon Scries. 


into a lower freshwater, an upper marine, and an upper freshwater 
division. 
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Among tbe shells which are widely distributed through the Hcadon 
scries are Neritina concava (fig. 223.), Lymnea caudata (fig. 224.), 
and Cerithium concavum (fig. 225.). Helix khyrinthica, Say (fig. 
222.), a land-shell now inhabiting the United States, was discovered 
in this series by Mr. Wood in Hordwcll Cliff. It is also met with in 
Headon Hill, in the same beds. At Sconce, in the Isle of Wight, it 
occurs in the Bombridge series, and affords a rare example of an 
l^i 0 ccne fossil of a species still living, though, as usual in such cases, 
having no local connection with the actual geographical range of the 
species. 

The lower and middle portion of the Headon series is also met 
with in Hordwell Cliff (or Hordle, as it is often spelt), near Lyming- 
ton, Hants, where the organic remains have been studied by Mr. 
Searles Wood, Dr. Wright, and the Marchioness of Hastings. To 
the latter we are indebted for a detailed section of the beds *, as well 
as for the discovery of a variety of new species of fossil mammalia, 
chelonians, and fish ; also, for first calling attention to the important 
fact that these vertebrata differ specifically from those of tbe Bem- 
bridge beds. Among the abundant shells of Hordwcll are Paludma 
lenta and various species of Lymnea^ Planorhis^ Melaniay Cyclas^ 
and UniOy Potamomyny Drememy &c. 

Among the chelonians wo find a species of EmySy and no less than 
six species of Trionyx ; among the saurians ,an alligator and a 
crocodile; among the ophidians two species of land-snakes (Poferyx^ 
Owen) ; and among the fish Sir P. Egerton and Mr. Wood havt^ 
found the jaws, teeth, and hard shining scales of the genus Lepu 
dosteusy or bony pike of the American rivers. This same genus of 
freshwater ganoids has also been met with in the Hempstead beds 
in the Isle of Wight. The bones of several birds have been ob- 
tiiined from ITordwell, and the remains of quadrupeds. The latter 
belong to the genera Palophtherium of Owen, Anoplotheriunty 
AnUiracotheriumy Dichodon of Owen (a new genus discovered by 
Mr. A. H. Falconer), Dichohuney Spalacodon and Ilymnodoju The 
latter offers, I believe, the oldest known examphj of a true carni- 
vorous animal in the series of British fossils, although I attach very 
little theoretical importance to the fact, because herbivorous species 
are those most easily met with in a fossil state in all save cavern 
deposits. In another point of view, however, this fauna deserves 
notice. Its geological position is considerably lower than that of 
the Bembridge or Montmartre beds, from which it differs almost as 
much in species as it does from the still more ancient fauna of the 
Lower Eocene beds to bo mentioned in the sequel. It therefore 
teaches us what a grand succession of distinct assemblages of mam- 
malia flourished on the earth during the Eocene period. 

Many of the marine shells of the brackish-water beds of the above 
series, both in the Isle of Wight and Hordwell Cliff, are common 
to the underlying Barton clay; and, on the other hand, there are 




^ Bulletin Soc. Gcol. dc France, 1852 , p. 191 . 
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some freshwater shellj?, such as Cyrena obovata^ which are common 
to the Bembridge beds, notwithstanding the intervention of the St. 
Helen’s series. The white and green marls of the Headon series, 
and some of the accompanying limestones, often resemble the Eocene 
strata of France in mineral character and colour in so striking a 
manner, as to suggest the idea that the sediment was derived from 
the same region or produced contemporaneously under very similar 
geographical circumstances. 

At Brockenhurst, near Lyndhurst, in the New Forest, marine 
strata liave recently been found, containing fifty-nine shells, of 
which many have been described by Mr. Edwards. These beds rest 
on the Lower Headon, and arc considered as the equivalent of the 
middle part of the Headon scries, many of the shells being common 
to the brackish water or Middle Headon beds of Colwell and White- 
cliff Bays, such as Cancellaria muricatay Sow., Fusus labiatus^ 
Sow., &c. Baron von Konen * has pointed out that no less than 
forty-six out of the fifty-nine Brockenhurst shells, or a proportion 
of 78 per cent., agree with species occurring in Dumont’s Lower 
Tongrian formation in Belgium. This being the case, we might 
fairly expect that if wo had a marine equivalent of the Bembridge 
series or of the contemporaneous Paris gypsum, we should find it to 
contain a still greater number of shells common to the Tongrian beds 
of Belgium, but the exact correlation of these freshwater groups 
of France, Belgium, and Britain, has not yet been fully made out. 
It is possible that the Tongrian of Dumont may be newer than the 
Bembridge series, and therefore referable to the Lower Miocene, 
according to the classification adopted by mo in Chapter XIV. p. 215. 

If ever the whole series should be complete, wo must be pre- 
pared to find the marine equivalent of the Bembridge beds, or the 
uppermost Eocene, passing by imperceptible shades into the over- 
lying lowest Miocene strata. 

Among the fossils found in the Middle Headon are Cytherea in~ 
crassata and Cerithium plicatum, fig. 173. p. 238. These shells, espe- 
cially the latter, are very characteristic of the Lower Miocene, and 
their occurrence in the Headon scries has been cited as an ob- 
jection to the line proposed to be drawn between Miocene and 
Eocene. But if we were to attach importance to such occasional 
passages, we should soon find that no lines of division could be drawn 
anywhere, for in the present state of our knowledge of the Tertiary 
series there will always be species common to beds above and below 
our boundary-lines. 

Both in Hordwcll Cliff and in the Isle of Wight, the Headon beds 
rest on white sands, used for making glass, and constituting the 
upper member of the Barton scries, A. 4., p. 279., next to be men- 
tioned. 

^Vkite sands and Barton clay, A. 4. (Table, p. 279.) — In one of 
the upper and sandy beds of this formation. Dr. Wright found 

* Quart. Geol. Journal., vol. xx. p. 97. 18 C 4 . 
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Chama squamosa in great plenty. The same sands contain impres- 
sions of many marine shells (especially in Whitecliff Bay) common 
to the upper Bagshot sands afterwards to be described. The un- 
derlying Barton clay has yielded about 252 marine 
shells, more than half of them, according to Mr. Prest- 
wich, peculiar ; and only about one in twenty being 
common to the London clay proper, a much older 
Eocene group (see p. 289.), with which the Barton 
clay was formerly confounded. About one-third of 
the Barton clay shells agree specifically with those of 
the calcaire grossier of the Paris basin.* It is nearly 
a century since Brander published, in 1766, an ac- Chama squamosa. 
count of the organic remains collected from these 
Barton and Hordwell cliffs, and his excellent figures of the shells 
then deposited in the British Museum are justly admired by coii- 
chologists for their accuracy. 


Fig. 220. 



SHELLS OP THE BARTON CLAY, HANTS. 

Certain foraminifera called Nummulites begin, when we study 
the tertiary formations in a descending order, to make their first 


Fig. 227. 


Fig. 22<». 


Fig. 229. 


Fig. 230. 



Mitra scahra. Valuta amhigua. 


Typhis pungens. 


Valuta athlcta. Barton 
aud Brackleshom. 





Fig. 231. 



TerehcllvtnfusU 
forme. B.irton 
and Brack Ics* 
hum. 


Fig. 232. 


Terehellum so- 
pita, Brander, 
Lain. 

Seraphs eonvo- 
lutum, Montf. 


Fig. 233. 



Cardita sulcata. 


Fig. 234. 



Crassatella sulcata. 


appearance in these Barton beds. A small species called Nummulites 
variolaria is found both on the Hampshire coast and in beds of the 


* Quart. Geol. Journ., yoI. xiii. p. 134.: London, 1857. 
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fcame age in Whited iff Bay, in the Isle of Wight. Several marine 
shells, such as Corbula pisum^ are common to the Barton beds and 
the Hempstead or Lower Miocene series, and a still greater number, 
as before stated, are common to the Ileadou scries. 

MIDDLE EOCENE, ENGLAND. 

Bagshot and Bracklesham beds, B. — The Bagsliot beds, consistiug 
chiefly of siliceous sand, occupy extensive tracts round Bagshot, in 
Surrey, and in the New Forest, Hampshire. They may be separated 
into three divisions, the upper and lower consisting of light yel- 
low sands, and the central of dark green sands and brown clays, 
the whole reposing on the London clay proper.* The uppermost 


Fig. 235. 



Venerieardia planicosta, Lam. 

Cardtta planicusta^ Deshayes. 

division is probably very nearly related in age to the Barton series. 
Although the Bagshot beds are usually devoid of fossils, they contain 
marine shells in some places, among which Venerieardia planicosta 
(see fig. 23f5.) is abundant, with Turrilella sidcifcraii\i(i Nummulites 
loivifjata (see flg. 239. p. 287.). 


Fig. 23G. 



Palteophis iyphoeus^ Owen ; aii Kocenc lea-serpent. Drarklfsham. 
a. h. vertebra, with long neural spine preserved. c. two vcrtcbric in natural artinilation. 

At Bracklesham Bay, near Chichester, in Sussex, the characteris- 
tic shells of this member of the Eocene series are best seen ; among 

* Prustwich, Quart. Gcol. Journ., vol. iii. p. 386. 
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others, the huge Cerithium giganteum, so conspicuous in the calcaire 
grossier of Paris, where it is sometimes two feet in length. The 
volutes and cowries of this formation, as well as the lunulites and 
corals, seem to 'favour the idea of a warm climate having prevailed, 
which is borne out by the discovery of a serpent, Palceophis typhoeus 
(see fig. 236.), exceeding, according to Professor Owen, twenty feet 
in length, and allied in its osteology to the Boa, Python, Coluber, 
and Ilydrus. The compressed form and diminutive size of certain 
caudal vertebraj indicate so much analogy with Ilydrus as to induce 
Professor Owen to pronounce this extinct ophidian to have been 
marine.* He had previously combated with much success the evi- 
dence advanced to prove the existence in the Northern Ocean of 
Iiuge sea-serpents in our own times, but he now contends for the 
former existence in the British Eocene seas of less gigantic serpents, 
when the climate was probably more genial ; for amongst the com- 
panions of the sea-snake of Bracklesham was an extinct Gavial 
(Cfivialis Dixoni, Owen), and numerous fish, such as now frequent 
the seas of warm latitudes, as the ostraceont fish, of which a spine 
is figured (see fig. 237.), and gigantic rays of the genus Myliobates 
(see fig. 238.). 

Fig. 237. 






Dcfeiibive spine of an Ostraccon, or flsh of the faunily Balistida. 
BracMeshani. Dixon*s Fossils of Sussex, Pi. 1 1. fig. 26. 

Fig. 238. Fig. 239. 



Dental plates of Mylmhntes Etiwardii, 
^racklusham Bay. Ibid. PI. 8. 


Numrnulites ( Nummn/aria) lavigata, 
firarklrsham. Ibid. PI. 8. 
a. section of the nuininulite. 
h. group, with an indlTidual showing the exterior 
of the shell. 


The teeth of sharks also, of the genera Carcharodon, (Hodtis, 
jMmvn, GaUocerdo, and others, are abundant. (See figs. 240, 241, 
242, 243.) The Nummulites Imvigata (see fig. 239.), so characteris- 
tic of the lower beds of the calcaire grossier in France, where it 
sometimes forms stony layers, as near Compiegne, is very common at 
Bracklesham, together with iV. scabra and N. variolaria. Out of 
193 species of testacea procured from the Bagshot and Bracklesham 
beds in England, 126 occur in the calcaire grossier in France. It 
was clearly, therefore, coeval with that part of tho Parisian series 
more uetrly than with any other. 


* ralieout. Soc. Monograph Bept., Ft. ii. p. 61 . 
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BRACKLESHAM BEDS. 


Fig. 242. 
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Fig. 243. 


Fig. 241. 





Carcharodon heterodon, Aga^i. Oiodus oblitptui, Agaii. Lamna elfgaiu^ Galeoeento buidens. 

Asaift. Agass. 

Teeth of sharks from Brackleiham Baj. 



Marine Shells of Brackleskam Beds. 


Fig. 244. Fig. 24.S. 



Pkurotoma attenuata. Valuta Sel- 
Sow. sctrnsis, 

Edwards. 


Fig. 246. Fig. 247 



Turritella Lucinn serrata^ Dixon. 
multifucala. Magnified. 

Lam. 


Fig 248. 



Conus deper- 
ditus. 


VEGETATION OF MIDDLE EOCENE PERIOD. 

The plants of Alum Bay in the Isle of Wight, and of Bournemouth, 
on tlie south eoast of Hampshire, embedded in white clays of the 
Middle Eocene series, bear a great resemblance generally to those 
of the Miocene period, as described in the last chapter j but the 
species are with very few exceptions quite distinct. Forty of these 
are mentioned by MM. de la Har, o and Gaudin, among which the 
Proteace® {Dryandra, &c.), and the fig tribe are abundant, as well 
as the cinnamon and several other laurinc®, with some papilio* 
naceous plants. On the whole they remind the botanist of the 
types of tropical India and Australia.* 

Heer has mentioned several species which are common to this 
Alum Bay flora and that of Monte Bolca, near Verona, so cele- 
brated for its fossil fish, and where the strata contain nummulites 
and other Middle Eocene fossils.t He has particularly a^pded to 

* Hccr, Climat «t Vegetation du Pays Tcrtiairc, p. 172 . 
t For remarks on tlie Monte Bolca rocks, see below, Chap. WYTT 
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Aralia pvimigenia^ De la Harpe ; Daphnogene VeronensiSy Massalongo 
sp. ; and Ficus granadilloy Mass, sp., as among the species common to 
and characteristic of the Isle of Wight and Italian Eocene beds ; 
and he observes that in the flora of this . period those forms of a 
temperate climate which constitute a marked feature in the Euro- 
pean Miocene formations, such as the willow, poplar, birch, alder, 
elm, hornbeam, oak, fir, and pine, are wanting. The American 
types are also absent, or much more feebly represented than in 
the Miocene period. The number of exotic forms which are com- 
mon to the Eocene and Miocene strata of Europe demonstrate the 
remoteness of the times in which the geographical distribution 
of living plants originated. A great majority of the Eocene genera 
have disappeared from our temperate climates, but not the whole 
of them ; and they must all have exerted some influence on the 
assemblage of species which succeeded them. Many of these are 
indeed so closely allied to the fiora now surviving as to make it 
questionable, even in the opinion of naturalists opposed to the doc- 
trine of transmutation, whether they are not genealogically related 
the one to the other. 

LOWER EOCENE FORMATIONS, ENGLAND. 

London Clay proper (C. 1., Table, p. 279.).— This formation un- 
derlies the preceding, and consists of tenacious brown and blueish- 
gray clay, with layers of concretions called septaria, which abound 
chiefly in the brown clay, and are obtained in sufficient numbers 
from sea-cliffs near Harwich, and from shoals off the Essex coast, 
to be used for making Roman cement. The principal localities 
of fossils in the ' London clay are Highgate Hill, near London, 
the island of Sheppey, and Bognor in Hampshire. Out of 133 
fossil shells, Mr. Prestwich found only 20 to be common to the cal- 
caire grossier (from which 600 species have been obtained), while 
33 are common to the “ Lits Coquilliers ” (p. 302.), in which 200 
species are known in France. We may pre- 
sume, therefore, that the London clay pro- 
per is older than the calcaire grossier. This 
may perhaps remove a difficulty which M. 

Adolphe Brongniart has experienced when 
comparing the Eocene Flora of the neigh- 
bourljoods of London and Paris. The fossil 
species of the island of Sheppey, he ob- 
serves, indicate a much more tropical climate 
than the Eocene Flora of France. Now the 
latter had been derived principally from the 
Uppermost l^ocene or gypseous series, and 
resembles thft vegetation of the borders 
the Mediterranean rather than that of an 

equatorial region ; whereas the older fiora of Sheppey belongs to an 
antecedent epoch, separated from the period of the Paris gypsum 


Fig. 24'J. 
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by all the Barton and Bagsliot series — in short, by the equivalents 
of the great nummulitic series of continental writers. 

Mr. Bowerbank, in a valuable publication on the fossil fruits and 
seeds of the island of Sheppey, near London, has described no less 
than thirteen fruits of palms of the recent type Nipa^ now only 
found in the Molucca and Philippine Islands and in Bengal (see 
fig. 249.). In the delta of the Ganges, Dr. Hooker observed the 
large nuts of Nipa fruticans floating in such numbers in the 
various arms of that great river, as to obstruct the paddle-wheels of 
steam-boats. These plants are allied to the cocoa-nut tribe on the 
one side, and on the other to the Pandanus, or screw-pine. The 
fruits of other palms besides those of the cocoa-nut tribe are also met 
with in the clay of Sheppey ; also three species of Anonaj or custard 
apple ; and cucurbitaceous fruits (of the gourd and melon family) 
are in considerable abundance. Fruits of various species of Acacia 
are in profusion, and these, although less decidedly tropical, imply a 
warm climate. 

The contiguity of land may be inferred not only from these vege- 
table productions, but also from the teeth and bones of crocodiles 
and turtles, since these creatures, as Dean Conybeare remarked, 
must have resorted to some shore to lay their eggs. Of turtles there 
Wore numerous species referred to extinct genera. These arc, for the 
most part, not equal in size to the largest living tropical turtles. A 
sea-snake, wliich must have been thirteen feet long, of the genus 
Palatophia before mentioned (p. 28G.), lias also been described by Prof. 
Owen from Shep])ey, of a different sp(*cics from .that of Brack les- 
harn. A true crocodile, also, Crocodilus toliapicus^ and another 
saurian more nearly allied to thegavial, accompany the above fossils ; 
also the relics of several birds and quadrupeds. • One of these last 
belongs to the new genus Hyracotherium of Owen, of the hog tribe, 
allied to Chmropotamus ; another is a Lop/iiodon ; a third a pachy- 
derm called Coryphodon eoctBnus by Owen, larger than any existing 
tapir. All these animals seem to have inhabited the banks of the 
great river which floated down the Sheppey fruits. They imply the 
existence of a rnainmiferous fauna antecedent to the period when 
nummulites flourished in Europe and Asia, and therefore before the 
Alps, Pyrenees, and other mountain-chains now forming the back- 
bones of great continents, were raised from the deep; nay, even 
before a part of the constituent r>.cky masses now entering into the 
central ridges of these chains had been deposited in the sea. 

The marine shells of the London clay confirm the inference de- 
rivable from the plants and reptiles in favour of a high tempera- 
1 ure. Thus many species of Conus and Voluta occur, a large Cyprrea, 
C. ovybrmisy a very large Ilostellaria (fig. 252.), a species of Cancel- 
laria^ six species oi' Nautilus (fig. 254.), besides other Cephalopoda 
of extinct gener.’i, one of the most remarkable of which is the Belo- 
sepia * (fig. 255.). Among many characteristic bivalve shells are 

* For description of Eocene Cephalopoda, bco Monograph by F. E. Edwards, 
Falteontograph. 8oc., 1849. 
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Leda amygdaloides (fig. 256.) and Cryptodon angulatum (fig. 2o7.)> 
and among the Radiata a star-fish called Astropecten (fig. 258.). 

These fossils are accompanied by a sword-fish ( Tetrapttrm pris- 
€USy Agassiz), about eight feet long, and a saw-fish (Pristis bisulca- 
tusy Ag.), about ten feet in length; genera now foreign to the British 
seas. On the whole, no less than fifty species of fish have been de- 
scribed by M. Agassiz from these beds in Slieppey, and tlmv indicate, 
in his opinion, a warm climate. 

FOSSIL SHELLS OP THE LONDON CLAY. 


Fig. 260. Fig. 251. Fig. 252. 



NauUlui centralis^ Sow. Iligligate. liuMtcllaria ampla. Brainier. ^ of nat. Ri^** 

also fuuud 111 the Barton clay. 


Fig. 254. Fig. 255. 



Aturia xirxac. Brown and Edwards. ' Belosepia sepiotHea. Dc Blainv. 

Svn ynutilus ziczac. Sow. Loudon clay. Sbeppey. 

London clay. Slieppey. 


Fig. 256. Fig. 257. Fig. 2.58. 



Leda arnt/pdatoides, Cryptndon angfilalum. Astroprefen rrtxpafus. 

Iligligate. I^ndoii clay. HorMca. E. lorbes. Shtppe}. 
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Strata of Kyson in Suffolk. — Ax Kyson, a few miles east of 
Woodbridge, a bed of Eocene clay, twelve feet thick, underlies the 
red crag. Beneath it is a deposit of yellow and white sand, of con- 
siderable interest, in consequence of many peculiar fossils contained 
in it. Its geological position is probably the lowest part of the 
London clay proper. In this sand have been found remains of an 
opossum (Didelphys) (see lig. 259.), and an insectivorous bat (fig. 
260.), togetlier with many teeth of fishes of the shai‘k family. Mr. 
Colchester, in 1840, obtained other mammalian relics from Kyson, 
among which Prof. Owen has recognized several teeth of the genus 
Hyracotherium (fig. 261.), and the vertebrae of a large serpent, pro- 
bably a FaUsophis. As the remains both of the Hyracotherium and 
PalcEophis were afterwards met with in the London clay, as before 
remarked, these fossils confirmed the opinion previously entertained, 
that the Kysqn sand belongs to the Lower Eocene period. A fossil 
lower jaw with teeth from the same bed was at first referred by 

Fig. 26U. Fig.2G0. Fig. 2G1. 

^ I 

IMolcir tooth and part of jaw Molars of insectivorous bats. Molar of Hyracotherium. 

of opossum. twu’«* itat. size. 

From Kyson.* From Kyson, Suffolk. 

Prof. Owen, in 1840, to a monkey called Macacus eocanus, and after- 
wards Eopitheens ; but he has since (1862) retracted this opinion, 
and, on re-exaininatioii, and with more ample materials at his com- 
mand, liJis pronounced it to belong to a Hyracotherium, There is 
now, therefoj’e, no Eocene monk(?y known to pala3ontologists unles-s 
M. Eiitimeyer is right in referring to tin's family a small fragment 
of a jaw with three molar teeth, found in the Upi)er Eocene strata 
of the Swiss Jura. 

Plastic or mottled clays^nd sands (C. 2., p. 279.). — The clays 
called plastic, which lie immediately below the London clay, received 
llieir name originally in Franco from being often used in pottery. 
Beds of the same age (the Woolwich and Beading series of Prest- 
wich) are used ibr the like purpose.^ in England.f 

No formations ciin be more dissimilar on the whole in miiienil 
character than the Eocene deposits of England and Paris ; those ol 
our own island being almost exclusively of mechanical origin, — 
accumulations of mud, sand, and pebbles ; while in the neighbour- 
hood of Paris avc find a great succession of strata composed of lime- 
stones, some of them siliceous, and of crystalline gypsum and siliceous 
sandstone, and sometimes of pure flint used for millstones. Hence 

♦ Annals of Nat. Hist. vol. iv. No. 23., Nov. 1839. 
t Trcstwich, Waterbearing Strata of London, 1851. 
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it is by no means an easy task to institute an exact comparisoft be- 
tween the various members of the English and French series, and to 
settle their respective ages. It is clear that, on the sites both of 
Paris and London, a continual change was going on in the fauna and 
Horn by the coming in of new species and the dying out of others ; 
and contemporaneous changes of geographical conditions were also 
in progress in consequence of the rising and sinking of the land and 
bottom of the sea. A particular subdivision, therefore, of time was 
occasionally represented in one area by land, in another by an estu- 
ary, in a third by the sea, and oven where the runditions were in both 
areas of a marine character, there was often shallow water in one, 
and deep sea in another, producing a want of agreement in the state 
of animal life. 

liut in regard to tliat division of the Eocene series which we have 
now under consideration, wo find an exception to the general rule, 
for, whether we study it in the basins of London, Hampshire, or 
Paris, we recognize everywhere the same mineral character. This 
uniformity of aspect must bo seen in order to be fully appreciated, 
since the In^ds consist simply of mottled clays and sand, with lignite 
and well-rolled flint pebbles, derived from the chalk, and varying in 


Fig. 262 . 
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Cyrena cunciforrms, Min. Con. 
Natural sue. 


Mt'fania inquinafa, Des. Nat. size. 
S)ii. Ccrithtum mi-lanuides, Min. Con. 


size from that of a pea to an egg. These strata may be seen in the 
Isle of Wight in contact with the chalk, or in the London basin, at 
Heading, Blackheath, and Woolwich. In some of the lowest of them, 
banks of oysters are observed, consisting of Ostrea hellovacina^ so 
common in France in the same relative position, and Ostrea eduUna, 
scarcely distinguishable from the living eatable species. In the same 
beds at Bromley, Dr. Buckland found one large pebble to which five 
full-grown oysters were affixed, in such a manner as to show tliat 
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they -had Commenced their first growth upon it, and remained 
attached to it through life. 

In several places, as at Woolwich on the Thames, at Newhaven in 
Sussex, and elsewhere, a mixture of marine and freshwater testacea 
• distinguishes this nicniber of the series. Among the latter, Melania 
inquinata (see fig. 263.) and Cyrena cuneiformis (see fig. 262.) are 
very common, as in beds of corresponding ago in France. They 
clearly indicate points where rivers entered the Eocene sea. Usually 
there is a mixture of brackish, freshwater, and marine shells, and 
sometimes, as at Woolwich, proofs of the river and the sea having 
successively prevailed on the same spot. At New Charlton, in the 
suburbs of Woolwich, M. do la Qoudamine discovered in 1849, and 
])oiiit(*d out to mo, a layer of sand associated with well-rounded flint 
pebbles in which numerous individuals of the Cyrena tellinella were 
seen standing endwise with both their valves united, the posterior 
extremity of (*acli shell being uppermost, as would happen if the 
inollusks had died in their natural position. I have described * a 
hank of sandy mud, in the delta of the Alabama River at Mobile, on 
the borders of the Gulf of Mexico, where in 1846 I dug out at low 
tide* s])eciniens of living species of Cyrena and of a Gnathodony which 
were similarly placed with their shells erect, or in a position which 
cnahh's the animal to protrude its siphon upwards and draw in or 
rej(‘ct wat<*r at ploasuni. The water at Mobile is usually fresh, but 
sometimes brackish. At Woolwich a body of river-water must have 
flf)W’ed permanently into the sea where the Cyrenoi lived, and they 
may have been kilhid suddenly by an influx of pure salt water, which 
invaded the spot when the river was low, or when a subsidence of 
land took place. Traced in one direction, or eastward towjirds Herne 
Hay, the Woolwich beds assume more and more of a marine charac- 
ter ; Avliile in an o])posito, or south-western direction, they become, 
Jis ne.ar Chelsea and other [)laces, more freshwater, and contain Unio^ 
Paludimty and layers of lignite, so that the land drained by the 
ancient river seems clearly to have been to the south-west of the 
present site of the inetroj)olis. 

Before the minds of geologists had become familiar with the 
theory of the gradual sinking of land, and its conversion into sea 
at diflerent periods, and the consequent change from shallow to deep 
water, the freshwater and littoial character of this inferior group 
appojired strange and anomalous, /fter passing through hundreds 
of fi'et of London clay, ])roved by its fossils to have been deposited 
in deep salt water, we arrive at beds of fluviatile origin, and in the 
same underlying formation masses of shingle, attaining at Black- 
heath, near London, a thickness of 50 feet, indicate the proximity of 
land, where the flints of the chall were rolled into sand and pebbles, 
and spread continuously over wide spaces. Such shingle always 
appears at the bottom of the series, 'whether in the Isle of Wight, or 
in the Hampshire or London basins. It may be asked why they did 
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not constitute simply narrow littoral zones, such as we might look 
for on an ancient sea-shore. In reply, Mr. Prestwich has suggested 
that such zones of shingle may have been slowly formed on a large 
scale at the period of the Thaiiet sands (C. 3., p. 279.), and while the 
land was sinking the well-rolled pebbles may have been dispersed 
simultaneously over considerable areas, and exposed during gradual 
submergence to the action of the waves of the sea, aided occasionally 
by tidal currents and river floods. 

Thanet sands (C. 3., p. 279.). — The mottled or plastic clay of the 
Isle of Wight and Hampshire is often seen in actual contact with 
the chalk, constituting in such places the lowest member of the 
British Eocene series. But at other points another formation of 
marine origin, characterized by a somewhat ditferent assemblage of 
organic remains, has been shown by Mr. Prestwich to intervene 
between the clnilk and the Woolwich series. For these beds ho has 
])roposed the name of “ Thanet Sands,” because they are well seen 
in the Isle of Tlianet, in the northern part of Kent, and on the sea- 
coast between Herne Bay and the Beculvers, where they consist of 
sands with a few concnitioiiary masses of sandstone, and contain 
among other fossils Pholadomya cunenta^ Cyprina Morrisiiy Corbula 
loHyirostris, Scalaria Bowerbankiiy &c. The greatest thickness oi‘ 
tliese beds is about 90 feet. 


GEXEUAL TABLE OE FRENCH EOCENE STRATA. 

UrPEK EOCENE. 

French subdivision*. English equivalents. 

A. 1. Gypseous scries of Montmjirtre. 1. Bembriilsc scries, ]>. 279. 

A. 2. Oalcuirc siliceux, or Travertin 2. Usboriie and ilcadjuii series, p. 282. 
Jiifcrieur. • 

A. 3. Gres de Beauchamp, or Sables 3. ‘White sand and clay of Barton CliflT, 

Muyens. Hants. 

SllDDLE EOCENE. 

B. 1. Ciilcaire Grossier. 1. Bai^shot and Bracklcshain beis. 

B. 2. Soissonnais Sands, or Lits Coquil- 2. Wanting. 

liers. 


LOWER EOCENE. 

C. 1- Argilc de Londres at base of ilill 1. London Olay. 

of C'a.ssel, near Dunkirk. 2. Tiasne clay and sand with lignite 

C. 2. Argile plnstitpie and lignite. (Wt)olw’ich and Reading series). 

C. 3. Sables de Bracheux. 3. Thanet sands. 

The tertiary formations in the neighbourhood of Paris consist of a 
serit's of marine and freshwater strata, alternating with each other, 
and filling up a depression in the chalk. The area which they 
occupy has been called the Paris basin, and is about 180 miles in its 
greatest length from north to south, and about 90 miles in breadth 
from ea.st to west (see Map, p. 219.). MM. Cuvier and Broiiguiart 
attempted, in 1810, to distinguish five different groups, comprising 
three freshwater and two marine, which were supposed so imply 
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that the waters of the ocean, and of rivers and lakes, had been by 
tarns admitted into and excluded from the same area. Investiga- 
tions since made in the Hampshire and London basins have rather 
tended to confirm these views, at least so far as to show that since 
the commencement of the Eocene period there have been great 
movements of the bed of the sea, and of tho adjoining lands, and that 
the superposition of deep sea to shallow water deposits (the London 
clay, for example, to the Woolwich beds) can only be explained by 
referring to such movements. Nevertheless, it appears, from the 
researches of M. Constant Prevost, that some of the minor alterna- 
tions and intermixtures of freshwater and marine deposits, in tlie 
Piiris basin, may be accounted for by imagining both to have been 
.simultaneously in progress, in the same bay of the same sea, or a 
gulf into which many rivers entered. 

Gypseous series of Montmartre . — To enlarge on the numerous 
subdivisions of the Parisian strata would lead me beyond my present 
limits ; I shall therefore give some examples only of the most im- 
portant formations enumerated in the foregoing Tabic, p. 295. 

Beneath the Gres de Fontainebleau, often called “ Upper marine 
sands,’* and belonging to the Lower Miocene, as before stated, we 
find, in the neighbourhood of Paris, a series of white and green 
marls, with subordinate bedsof gypsum, A., Table, p. 295. These arc 
most largely developed in the central parts of the Paris basin, and, 
among other places, in the hill of Montmartre, where its fossils were 
first studied by Cuvier. 

The gypsum quarried there for the manufacture of plaster of 
Paris occurs as a granular crystalline rock, and, together with the 
associated marls, contains laud and fiuviatile shells, together with 
the bones and skeletons of birds and quadrupeds. Several hind- 
pljints are also met with, among which arc line specimens of the fan 
palm or palmetto tribe {Flahellnrin), The remains also of fresh- 
water fish, and of crocodiles and other reptiles, occur in the gypsum. 
The skeletons of mammalia are usually isolated, often entire, tin? 
most delicate extremities being preserved ; as if the carcases, clothed 
with their flesh and skin, had been flouted down soon after death, 
and while they were still swollen by the gases generated by their 
first decomposition. The few accompanying shells are of those light 
kinds which frequently float on the surface of rivers, together with 
wood. 

M. Prevost has therefore suggested that a river may have swept 
away tlio bodies of animals, and tho plants which lived on its borders, 
or in the lakes which it traversed, and may have carried them down 
into the centre of the gulf into which flowed the waters impregnated 
with sulphate of lime. We know that the Fiume Salso in Sicily 
enters the sea so charged with various salts that tho thirsty cattle 
refuse to drink of it. A stream of sulphureous water, as white as 
milk, descends into the sea from the volcanic mountain of Idienne, 
on the east of Java; and a great body of hot water, charged with 
sulphuric acid, rushed down from the same volcano on one occasion, 
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and inundated a large tract of country, destroying, by its noxious 
properties, all the vegetation.* In like manner the Pusanibio, or 
“ Vinegar River,” of Columbia, which rises at the foot of Purac^, an 
extinct volcano, 7500 feet above the level of the sea, is strongly 
impregnated with sulphuric and hydrochloric acids and with oxide 
of iron. We may easily suppose the waters of such streams to have 
properties noxious to marine animals, and in this manner the entire 
absence of marine remains in the ossiferous gypsum may be ex- 
pJained.f There are no pebbles or coarse sand in tlie gypsum ; a 
circumstance which agrees well with the hypothesis that these beds 
were precipitated from water holding sulphate of lime in solution, 
and floating the remains of different animals. 

In this formation the relics of about fifty species of quadrupeds, 
including the genera Paleotherium (see fig. 220.), AnoplotJierium 
(see fig. 219.), and others, have been found, all extinct, and nearly 
four-fifths of them belonging to the Perissodactyle or odd-toed 
division of the order Pachydermata^ which now contains only four 
living genera, namely, rhinoceros, tapir, horse, and hyrax. With 
them a few carnivorous animals are associated, among which are the 
Hy<pnodon dasyurnides, a species of dog, Canis Parisiensis, and a 
weasel, Cynodon Parisiensis. Of the Rodentia are found a squirrel ; 
of the Cheiroptera^ a bat ; while the Marsupinlia (an order now 
confined to America, Australia, and some contiguous islands) are 
represented by an opossum. 

Of birds, about ten species have been ascertained, the skeletons of 
some of which are entire. None of them are referable -to existing 
spccies.J The same remark applies to the fish, .according to MM. 
Cuvier and Agassiz, as also to the re]>tiles. Among the last arc 
crocodiles and tortoises of the genera Emys and Trionyx. 

The tribe of land quadrupeds most .abundant in this formation is 
such as now inhabits alluvial plains .and marshes, and the banks of 
rivers and hikes, a class most exposed to suffer by river inundations. 
Among these were several species of Paleotherium^ a genus before 
alluded to (p. 28 1.). These were associated with the Anoplotherinm.^ 
a tribe intermediate between pachyderms .and ruminants. One of 
the three divisions of this family w'as called by Cuvier Xiphodon. 
Their forms were slender and elegant, and one, named Xiphodon 
gracile (fig. 264-.), was about the size of the chamois ; and Cuvier 
inferred from the skeleton that it was as light, gr.aceful, .and agile as 
the gazelle. 

When the French osteologist declared, in the early part of the 
present century, that all the fossil quadrupeds of the gypsum of 
l^aris were extinct, the announcement of so startling a fact, on such 
high authority, created a powerful sensation, and from that time a 
new impulse was given throughout Europe to the progress of geo- 

* Leyile Magaz.voorWetensch Konst f M. C. Prevost, Submersions Itera- 
onLctt., partie v. cahier i. p. 71. Cited tives. See. Note 23. 
by Rozet, Journ. do Geologic, tom. i. J Cuvier, Oss. Foss., tom. iii. p. 255. 
p. 43. 
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logical investigation. Eminent nntnralists, it is true, had long before 
maintained that tlie shells and zoophytes met with in many ancient 
European rocks had ceased to be inhabitants of the cartli, but the 
majority even of the educated classes continued to believe that the 


Fig. 264. 



Xiphotlon gyacile, or Anoploth^rhon gracilt\ Cuvier. Restored outline. 

species of animals and plants, now contemporary with man, were the 
same as those which had been called into being when the planet 
it.self was created. It was easy to throw diseredit upon the new 
doctrine by asking wlietlier corals, shells, and otlior creatures pre- 
viously unknown, were not annually discovered ? and whether living 
forms corresponding with the fossils might not yet be dredged up 
from seas hitluTto unexaminod ? Hut from the era of the publication 
of Cuvier’s “ Ossements Fossiles,” and still more his popular Treatise 
called “ A Theory of the Earth/’ sounder vlcjws began to prevail. 
It was clearly demonstrated that most of the niaminalia found in the 
gypsum of Montmartre diftered even generically from any now 
known to exist, and the extreme improbability that any of them, 
es])ecially the larger ones, would ever be found surviving in conti- 
nents yet unexplored, wjis made manifest. Moreover, tlie non-ad- 
mixture of a single living specie.s in the midst of so rich a fossil 
fauna was fi striking proof that there had existed in that region a 
state of the earth’s surface zoologically unconnected with the 
presiuit. 

Fossil footprhits . — There arc three superimposed masses of gyp- 
sum in the neighbourhood of Paris, separated by intervening deposits 
of laminated marl. In the uppermost of the three in the valley of 
Montmorency INf. Desnoyiu’s discovered in 1859 many footprints of 
animals occurring at no less thi n six different levels.* The gypsum 
to wliicli they belong varies from thirty to fifty feet in thickness, and 
is that which has yielded to the naturalist the largest number of 
hones and skeletons of mammalia, birds, and reptiles. I visited the 

* Siir dcs Empreintes de Pas d'Animaux, par M. J. Desnoyers. Compte Rendu 
dc ITn&titut, 18 .> 9 . 
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quarries, soon after the discovery was made known, with M. Des- 
noyers, who also showed mo large slabs in tho Museum at Paris, 
where, on the upper planes of stratification, the indented foot- 
marks were seen, while corresponding casts in relief appeared on 
the lower surfaces of the strata of gypsum which were immediately 
superimposed. A thin film of marl, wliich before it was dried and 
condensed by pressure must have represented a much thicker layer 
of soft mud, intervened between the beds of solid gypsum. On this 
mud the animals had trodden, and made impressions which had pene- 
trated to the gypseous mass below, then evidently unconsolidated. 
Tracks of the Anoplothcrium with its bisulcate hoof, and the trilobe<l 
footprints of Paleotheriiim, were seen of different sizes, corresponding 
to those of several species of these genera which Cuvier had re- 
constructed, while in the same beds were footmarks of carni- 
vorous mammalia. The tracks also of fiuviatile, lacustrine, and ter- 
restrial tortoises (Emys^ Trionyx^ &c.) have been discovered, also 
those of crocodiles, iguanas, geckos, and great batracdiians, and tho 
footprints of a huge bird, apparently a wader, of the size of the 
gastornis, to bo mentioned in the sequel. There were likewise 
impressions of the feet of other creatures, some of them clearly dis- 
tinguishable from any of the fifty extinct types of mammalia, of 
which the bones have been found in the Paris gypsum. The whole 
ass(‘mblage, says Desnoyers, indicate the shores pf a lake, or several 
small lakes communicating with each other, on the borders of which 
many species of Pachydermes wandered, and beasts of prey which 
occasionally devoured them. The toothinarks of these last had been 
detected by paleontologists long before on the bones and skulls of 
Palcotheres entombed in the gypsum. 

Tin •se footmarks have revealed to ua new and unexpected proofs 
that the air-breathing fauna of the Upper Eocene period in Europe 
far surpassed in the number and variety of its s])ecies the largest 
estimate which had previously been formed of it. We may now feel 
sui’e that the mammalia, reptiles, and birds, which have left portions 
of their skeletons as nicinorials of their existeiux* in the solid gypsum, 
constituted but a j)art of the then living creation. Similar inferences 
may be drawn from tlie study of the whole succession of geological 
records. In each district the monuments of ^)eriods embracing 
thousands, and probably in some instances millions of y(‘ars, are 
totally wanting. Even in the volumes which are extant tin* greater 
number of tho pages arc missing in any giv(‘ii region, and where 
they ar(j found they contain but few and casual (iiitries of the phy- 
sical events or living beings of the times to which they relate. It 
may also be remarked that the subordinate formations met with in 
two neighbouring countries, such as France and England (tho minor 
Tertiary groups above enumerated), commonly classed as equivalents 
and referred to corresponding periods, may nevertheless have been 
by no means strictly coincident in date. Though called contempo- 
raneous, it is probable that they ere often separated by intervals of 
hundreds of thousands of years. We may compare them to doub e 
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stars, which appear single to the naked eye because seen from a vast 
distance in space, and which really belong^ to one and the same 
stellar system though occupying places in space extremely remote 
if estimated by our ordinary standard of terrestrial measurements. 

Calcaire siliceux, or Travertin inferieur (A. 2., p. 295.). — This 
compact siliceous limestone extends over a wide area. It resembles 
a precipitate from the waters of mineral springs, and is often tra- 
versed by small empty sinuous cavities. It is, for the moat part, 
devoid of organic remains, but in some places contains freshwater 
and land species, and never any marine fossils. The calcaire 
.siliceux and the calcaire grossier usually occupy distinct parts of the 
Paris basin, the one attaining its fullest development in those 
places where the other is of slight thickness. They are described 
by some writers as alternating with each other towards the centre of 
the basin, as at Sergy and Osny. 

The gypsum, with its associated marls before described, is in 
greatest force towards the centre of the basin, where the calcaire 
grossier and calcaire siliceux are less fully developed. 

Gres de Beauchamp^ or Sables nuoyens (A. 3., p. 295.). — In some 
parts of the Paris basin, sands and marls, called the Gres de Beau- 
champ, or Sables moyens, divide the gypseous beds from the calcaire 
grossier proper. These sands, in which a small nummulite (A’i, 
variolaria) is very abundant, contain more than 300 species of marine 
shells, many of them peculiar, but others common to the next division. 

Calcaire grossier^ upper and middle (B. 1., p. 295.). — The upper 
division of this group consists in great part of beds of compact, 
fragile limestone, with some intercalated green marls. Th(^ shells 
in some parts are a mixture of Cerithium, Cgclostoma, and Corhula; 
in others Limnea, Cerit/iium, Paludina^ &c. In the latter, the 
bones of reptiles and mammalia, Paleotherium and Lophiodon, have 
been found. The middle division, or calcaire grossier proper, con- 
sists of a coarse limestone, often passing into sand. It contains the 
greater number of the fossil shells which characterize the Paris 
basin. No less than 400 distinct species have been procured from 
a single spot near Grignon, where they are embedded in a calca- 
reous sand, chiefly formed of comminuted shells, in which, neverthe- 
less, individuals in a perfect state of preservation, both of marine, 
terrestrial, and freshwater species, are mingled together. Some of 
the marine shells may have lived on the spot ; but the Cyclostoma 
and Limnea must have been brought thither by rivers and currents, 
and the quantity of triturated shells implies considerable movement 
in the waters. 

Nothing is more striking in this assemblage of fossil testacea than 
the great proportion of species referable to the genus Cerithium (see 
figures, p. 238.). There occur no less than 137 species of this genus 
in the Paris basin, and almost all of them in the calcaire grossier. 
Most of the living Cerithia inhabit the sea near the mouths of rivers, 
where the waters are brackish ; so that their abundance in the 
marine strata now under consideration is in harmony with the hypo- 
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thesis that the Paris basin formed a gulf into which several rivers 
flowed. 

In some parts of the calcaire grossier round Paris, certain beds 
occur of a stone used in building, and called by the French geologists 
**Miliolite limestone.” It is almost entirely made up of millions of 
microscopic shells, of the size of minute grains of sand, which all 
belong to the class Foraminifera. Figures of some of these are given 
in the annexed woodcut. As this miliolitic stone never occurs in the 
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Calearinararispina^He^h, Spirolina ittrnostoma^'De%\i. 

b. natural size, a, e. name magnified. B. natural size, j A, C, D. baine magnified. 


Fig 267. 



Triloculinainflata^ Desh. 
b. natural size. n, c, d. name magnified.. 


Fig. 268. 



CtavfiUna corrngata^ Desh. 
a. natural size. 6, c. same iiiagiiillcd. 


Faluns, or Upp<‘r Miocene strjita of Brittany and Tourainc, it often 
furnishes the geologist with a useful criterion for distinguishing tho 
detached Eocene and Miocene formations scattered over those and 
other adjoining provinces. The discovery of the remains of Paleo- 
theriuni and other mammalia in some of tho upper beds of the cal- 
caine grossier shows that these land animals began to exist before 
the deposition of the overlying gypseous series had commenced. 
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Lower Calcaire grassier^ or Gtanconie grossiere (B. 1., p. 295.). — 
The lower part of the calcaire grossier, which often contains mucli 
green e.arth, is characterized at Auvers, near Pontoise, to the north 
of Paris, and still more in the environs of Compiegne, by tlie abun- 
dance of nummulites, consisting chiefly of N. Icevigata, N, scahray 
and N, Lamarckiy which constitute a large proportion of some of the 
stony strata, though these same foraminifera are wanting in beds of 
similar age in the immediate environs of Paris, 

Soissonnnis sandsy or Lits coquilliers (B. 2., p. 295.). — Below the 
preceding formation, shelly sands are seen, of considerable thickness, 
especially at Cuisse-Lamotte, near Compiegne, and other localities in 
the Soissonnais, about fifty miles N.E.of Paris, from which about 300 
Species of shells have been obtained, many of them common to the 
(calcaire grossier and the Bracklesham beds of England, and many 
peculiar. The Nummulites planulata is very abundant, and the 
most characteristic shell is the Nerita conoidea^ Lam., a fossil which 


Fig. 2C9. 



Nrritn eonai/tea, Lmn. 

Syn. N. SchmideUmna, Chemnitz. 


has a very wide geographical range ; for, as M. d’Archiac remarks, 
it accompanies the nummulitic forimatiori from Europe to Iiulia, 
having been found in Cutch, near the mouths of the Indus, asso- 
ciated with Nummulites scahra. No less than 33 shells of this group 
are said to be identical with shells of the London clay propeu*, yet, 
after visiting Cuisse-Lamotte and other localities of the “ Sables in- 
ferieurs ” of Archiac, I tagrec with Mr. Prestwich, tliat the latter 
are probably newer than the London clay, and perhaps older than 


Fig. 270. 



Cardium porulosm,,. Paris and London basins. 


the Bracklesham beds of England. The London clay seems to be 
unrepresented in the Paris basin, unless partially so, by tliese sands.* 
One of the shells of the sandy beds of the Soissounais is adduced by 

♦ D’Archiac, Bulletin, tom. x. ; and Prestwich, Geol. Quart. Journ., 1847, p. 377. 
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M. Deshayes as an example of the changes which certain species 
underwent in the successive stages of their existence. It seems that 
different varieties of the Cardium porulosum are characteristic of 
different formations. In the Soissonnais this shell acquires but a 
small volume, and has many peculiarities, which disappear in the 
lowest beds of the calcaire grossier. In these the shell attains its 
full size, with many distinctive characters, which are again modified 
in the uppermost beds of tlie calcaire grossier; and these last modi- 
fications of form are preserved throughout the upper marine ” (or 
Lower Miocene) series.* 

LOWER EOCENE FORMATIONS OP FRANCE. 

Argile plastique (C. 2., p. 295.). — At the base of the tertiary system 
in France are extensive deposits of sands, with occasional beds of clay 
used for pottery, and called “ argile plastique.” Fossil oysters ( Ostrea 
hellovacind) abound in some places, and in others there is a mixture 
of fluviatile sliells, such as Cgrena cuneiformis (fig. 262. p. 293.), 
Melanin inquinata (fig. 263.), and others, frequently met with in 
beds occupying the same position in the valley of the Thames. 
Layers of lignite also accompany the inferior clays and sands. 

Immediately upon the chalk at the bottom of all the tertiary strata 
in Franco there generally is a conglomerate or breccia of rolled and 
angular chalk- flints, cemented by siliceous sand. These beds appear 
to be of littoral origin, and imply the previous emergence of the 
chalk, and its waste by denudation. In the year 1855, the tibia and 
femur of a large bird equalling at least the ostrich in size were 
found at Meiidon, near Paris, at the base of the Plastic clay. This 
bird, to which the name of Gasiornis Parisiensis has been assigned, 
appears, from the Memoirs of MM. Hebert, Lartct, and Owen, to 
belong to an extinct genus. Professor Owen refers it to the class of 
wading land birds rather than to%n aquatic species.'j’ 

That a formation so much explored for economical purposes as 
the Argile Plastique around Paris, and the clays and sands of corre- 
sponding age near London, should never have afibrded any vestige 
of a feathered biped previously to the year 1855, sliows what dili- 
gent search and what skill in osteological interpretation are required 
before the existence of birds of remote ages can be proved by more 
decisive evidence than their footprints. 

Sables dc Bracheux (C. 3., p. 295.). — The marine sands called the 
Sables de Bracheux (a place near Beauvais), are considered by M. 
Hebert to be older than the Lignites and Plastic clay, and to coincide 
in age with the Thanet Sands of England. At La Fere, in the 
Department of the Aisne, in a deposit of this age, a fossil skull has 
been found of a quadruped called by Blainvillc Arctocyon primeevus^ 
and supposed by him to be related both to the bear and to the 


* Coquilles cnrncteristiqucs det* Terrains, 18.31. 
t Quart. Geol. Jpurn., vol. xii. p. 204., 1856. 
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Kiiikajou {Cercoleptes), This creature appears to bo the oldest 
known tertiary mammifer. 

Nummuliiic formation of Europe^ Asia^ — When I visited 
Belgium and French Handers in 1851, with a view of comparing 
the tertiary strata of those countries with the English series, I 
found that all tlie beds between the Lower Miocene or Limburg 
formations and the Lower Eocene or Loudon clay proper, might 
be conveniently divided into three sections, distinguished, among 
other palaeontological characters, by three different species of num- 
inulites, N, variolaria in upper beds, N, Icsvigata in the middle, 
and planulata in the lower. After I had adopted this classilica> 
tion, I found, what I liad overlooked or forgotten, that the super- 
position of these three species in the order here assigned to them 
had been previously recognized in the North of France, in 1842, by 
Viacount d’Archiac. The same author, in the valuable monograph 
published by him in 1853*, has observed that a somewhat similar 
distribution of these and other species in time, prevails very widely 
in the South of France and in the Pyrenees, as well as in the Ali)s 
and Apennines, and in Istria — the lowest nummulitic beds being 
characterized by fewer and smaller species, the middle by a greater 
number and by those which individually attain the largest dimen- 
sions, and the uppermost beds again by small species. 

In the treatise alluded to, M. d’Archiac describes no less than 
fifty-two species of this genus, and considers that they are all of 
them characteristic of those tertiary strata which I have called 
Middle Eocene. In very few instances at least do certain species 
diverge from this narrow limit, whether into incumbent or subjacent 
tertiary formations, one or two species only, of which Nummulitvs 
intermedia^ also a Middle Eocene form, is an example, ascend into 
the Lower Miocene, but it seems doubtful whether any of them 
descend to the level of the London clay. Certainly they have never 
been traced so low down as the marine beds, coeval with the Plastic 
clay or Lignite, in any country of which the geology has been well 
worked out. This conclusion is a very unexpected result of recent 
enquiry, since for many years it was a matter of controversy 
whether the nummulitic rocks of the Alps and Pyrenees ought not 
to be regarded as cnitaceous rather than Eocene. The late M. Alex. 
Brongniart first declared the specific identity of many shells of the 
marine Eocene strata near Paris, ; id those of the nummulitic forma- 
tion of Switzerland, although he obtained these last from the summit 
of the Diablerets, one of the loftiest of the Swiss Alps, which rise^. 
more than 10,000 feet above the level of the sea. 

The nummulitic limestone of the Alps is often of great thickness, 
and is immediately covered by another series of strata of dark- 
coloured slates, marls, and fucoidal sandstones, to the whole of 
which the provincial name of “fiysch” lias been given in parts 
of Switzerland. The researches of Sir lloderick Murchison in the 


* Animaux Foss, du Groupc nummul. de ITndc. Paris, 1853. 
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Alps in 1847 have sh^wn that all these tertiary strata enter into 
the disturbed and loftiest portion of the Alpine chain, to the 
upheaval of which they enable us therefore to assign a compara- 
tively modern date. 

The nummulitic formation, with its characteristic fossils, plays 
a far more conspicuous part than any other tertiary group in the 
solid framework of the earth's crust, whether in Europe, Asia, or 
Africa. It often attains a*thickncs 3 of many thousand feet, and 
extends from the Alps to the Carpathians, and is in full force in the 
north of Africa, as, for example, in Algeria and Morocco. It has 
also been traced fi*om Egypt, where it was largely quarried of old 
for the building of the Pyramids, into Asia Minor, and across Persia 
by Bagdad to the, mouths of the Indus. It occurs not only in Gutcli, 
but in the mountain ranges which separate Scinde from Persia, and 
which form tlie passes loading to Caboul ; and it has been followed 
still larther eastward into India, as far as eastern Bengal and the 
frontiers of China. 


Fig. m. 



Nurntnufites PuscAt\ D’Archlar. Peyrehoradc, Pyreneei. 

a. external surf.(i’<i of one of the iiuinmulite*, ol which longiiudiatil sectioiii are seen in the 

liinostoiic*. 

b. trausver«e ttiction of same. 


Dr. T. Thompson found numraulites at an elevation of no less than 
16,500 feet above the level of the sea, in Western Thibet. 

One of the species, which I myself found very abundant on the 
flanks of the Pyrenees, in a compact crystalline 
marble (flg..271.) is called by M. d’Archiac Num- 
mulites PuschL The same is also very common in 
rocks of the same ago in the Carpathians. 

Another large species (see fig. 272.), NummulUcs 
exponenSy J. Sow., occurs not only in the South of 
France, near Dax, but in Germany, Italy, Asia 
Minor, and in Cutch ; also in the mountains of 
Sylhet, on the frontiers of China. Nummubtes etjHmms, 

In many of the distant countric.s above alluded a®***- 

to, in Cutch, for example, some of the same shells, such as Nerita 
conoidea (fig. 269.), accompany the nummulites, as in France. 

The opinion of many observers, that the Nummulitic formation 
belongs partly to the cretaceous era, seems chiefly to have arisen 
from confounding an allied genus, Orbitoides, with the true Num- 
mulite. • 


Fig. 27-2. 
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When we have once arrived at the conviclion that the numrnulitic 
formation occupies a middle place in the Eocene series, we are 
struck with the comparatively modern date to wliicli some of the 
greatest revolutions in the physical geography of Europe, Asia, and 
Northern Africa must be referred. All the mountain chains, such 
as the Alps, Pyrenees, Carpathians, and Himalayas, into the compo- 
sition of whose central and loftiest parts the numrnulitic strata 
enter bodily, could have had no existence till after the Middle Eocene 
period. During that period the sea prevailed where these chains 
now rise, for nummulites and their accompanying testacea were un- 
questionably inhabitants of salt water. Before these events, com- 
prising the conversion of a wide area from a sea to a continent, 
England had been peopled, as 1 before pointed ^out (p. 292.), by 
various quadrupeds, by herbivorous pachyderms, by insectivorous 
bats, and by opossums. 

Almost all the extinct volcanoes which preserve any remains ot 
their original form, or from the craters of which lava streams can 
be traced, are more modern than the Eocene fauna now under con- 
bideration ; and besides these superficial monuments of the action ot 
heat, Plutonic influences have worked vast changes in the texture ot 
rocks within the same period. Some members of the nummulitio 
and overlying tertiary strata called flysch have actually been con- 
verted in the central Alps into crystalline rocks, and transformed 
into marble, quartz-rock, mica-schist, and gneiss.* 

EOCENE STRATA IN THE UNITED STATES. 

In North America the Eocene formations occupy a large area 
bordering the Atlantic, which increases in breadth and importance 
as it is traced southwards from Delaware and Maryland to ^eorgia 
and Alabama. They also occur in Louisiana and other states both 
east and west of the valley of the Mississippi. At Claiborne in 
Alabama, no less than four hundred species of marine shells, with 
many echinoderms and teeth of fish, characterize one member of 
this system. Among the shells, the Cardita planicosta, before men- 
tioned (fig. 23d. p. 286.), is in abundance ; and this fossil and some 
others identical with European species, or very nearly allied to them, 
make it highly probable that the Claiborne beds agree in age with 
the central or Bracklesham group of England, and with the c^Ucaire 
grossier of Pari8.t 

Higher in the series is a remarkable calcareous rock, formerly 
called “ the nummulite limestone,” from the great number of discoid 
bodies resembling nummulites which it contains, fossils now re- 
i erred by A. d’Orbigny to the genus Orbitoides^ which has been 

* Murchison, Quart. Journ. of Geol. f See paper by the Author, Quart. 
Soc., vol. V., and Lyell, vol. vi. 1S50. Journ. Gcol. Soc.,voI. iv. p. 12. ; and Se- 
Antiivcrsory Address. coud Visit to the U. S., vul. ii. p. 59. 



Ch. XVL] 


IX THE UNITED STATES, 


307 


demonstrated by Dr. Carpenter to belong to the foraminifera.* 
That naturalist, moreover, is of opinion that the Orbitoides alluded 
to ( 0. Mantelli) is of the same species as one found in Cutch in the 
Middle Eocene or nummulitic formation of India. The following 
section will enable the reader to understand the position of three 
subdivisions of the Eocene series. Nos. 1, 2, and 3., the relations of 
which I ascertained in Clarke County, between the rivers Alabama 
and Tombeckbee. 


Fig. 273. 


B&tii Hill. 



1. S-tnil, Marl, &o., with numerous fossils. I 

2. Wliite or rotten limestone, with Zeu^lodttn, > Eocene. 

Orbitoiiial, or so-called nummulitic limestonp.* ) 

A. Overlying formation of saud and clay without fossils. Age unknown. 


The lowest set of strata, No. 1., having a thickness of more than 
100 feet, comprise marly beds, in which the Osirea sellteformis 
occurs, a shell ranging from Alabama to Virginia, and being a 
representative form of the Ostrea flahellula of the Eocene group of 
Europe. In other beds of No. 1., two European shells, Cardita 
planicosta^ })efore mentioned, and Solarium canaliculatumy are found 
with a great many other species peculiar to America. Numerous 
corals also, and the remains of placoid fish and of rays, occur, and 
the “ swords ” (fig. 237. p. 287.), as they are called, of sword-fishes, 
all bearing a great generic likeness to those of the Eocene strata of 
England and France. 

No. 2. (fig. 273.) is a white limestone, sometimes soft and argil- 
laceous, but in parts very compact and calcareous. It contains 
several peculiar corals, and a 1‘Tge Nautilus allied to N. ziczac ; 
also in its upper bed a gigantic cetacean, called Zeuglodon by 
Owen.f 

The colossal bones of this cetacean arc so plentiful in the in- 
terior of Clarke County as to bo characteristic of the formation. 
The vertebral column of one skeleton found by Dr. Buckley at a 
spot visited by me, extended to the lengtli of nearly 70 feet, and not 
far off part of another backbone nearly 50 feet long was dug up. 
I obtained evidence, during a short excursion, of so many localities 
of this fossil animal within a distance of 10 miles, as to lead me to 

* Quart. Journ. Geol. Soc., vol. vi. Joiirn. of Acad. Nat. Sci. Philad., vol. i. 
p. 32. . 1847. • 

f See Memoir bj li. W. Gibbes, 
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conclude that they must have belonged to at least forty distinct 
individuals. 

Prof. Owen first pointed out that this huge animal was not rep- 
tilian, since each tooth was furnished with double roots (see fig. 
274.), implanted in corresponding double sockets ; and his opinion 

Fig. 274. Fig. 27R. 




Zfuplodon eetoides, Owen. 

BnsilosauruSt Harlan. 

Fig. 274. Molar tooth, natural size. Fig. 275. Vertebra, reduced. 


of the cetacean nature of the fossil was afterwards confirmed by Dr. 
Wyman and Dr. 11. W. Gibbos. That it was an extinct mammal 
of the whale tribe has since been placed beyond all doubt by tlie 
discovery of the entire skull of another fossil species of the same 
family, having the double occipital condyles only met with in 
mammals, <*ind the convuluted tympanic bones which are character- 
istic of cetaceans. 

Near the junction of No. 2, and the incumbent limestone, No. 3., 
next to be mentioned, are strata characterized by the following 
shells : Spondi/lus dumosus (Piaffiostoma dumosum, Morton), Pecten 
Pot/fsoni, Pecten perplanus, and Ostrea cretacea. 

No. 3. (fig. 273.) is a white limestone, for the most part made 
up of the Orhitoides of D'Orbigny before mentioned (p. 307.), for- 
merly supposed to be a nummulite, and called N. ManteUiy mixed 
with a few lunulites, some small corals, and shells.* The origin, 
therefore, of this cream-coloured soft stone, like that of our white 
chalk, which it much resembles, is, I believe, due to the decompo- 
sition of these forarainifera. The surface of the country where 
it prevails is sometimes marked by the absence of wood, like our 
chalk downs, or is covered exclusively by the Juniperus Vir- 
f/iniana, as certain chalk districts in England by the yew tree and 
juniper. 

Somp of the shells of this limestone are common to the Claiborne 
beds, but many of them are peculiar. 

It will be seen in the section (fig. 273. p. 307.) that the strata 

Nos. I, 2, 3. are, 4>r the most part, overlaid by a dense formation of 

• 

* Lycll, Quart. Jouru. GcoL Soc., 1847, vol iv. p. 15. 
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sand or clay without fossils. In some points of the bluff or cliff of 
the Alabama River, at Claiborne, the beds Nos. 1, 2. are exposed 
nearly from top to bottom, whereas at other points the newer forma- 
tion, No. 4., occupies the face of nearly the whole cliff. The age of 
this overlying mass has not yet been determined, as it has Iiilhert.) 
proved destitute of organic remains. 

The burr-stone strata of the Southern States contain so many 
fossils agreeing with those of Claiborne, that it doubtless belongs to 
the same part of the Eocene group, though I was not fortunate 
enough to see the relations of the two deposits in a continuous sec- 
tion. Mr. Tuomey considers it as the lower portion of the series. 
Jt may, perhaps, be a form of the Claiborne beds in places where 
lime was wanting, and where silex, derived from the decomposi- 
tion of felspar, predominated. It consists chiefly of slaty clays, 
(juartzose sands, and loam, of a brick-red colour, with layers of 
cellular chert or burr-stone, used in some places for mill-stones. 
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CHAPTER XVTI. 

CRETACEOUS GROUP. 

Lnpsc of time between the Cretaceous and Eocene periods — Whether certain 
formations in Bclt^ium and France are of internie<liate age — Pisolitic limestone 
— Divisions of the Cretaceous scries in North-Western Europe — Mnestrichl 
beds-a-Clmlk of Eaxoc — White chalk — Its geographical extent and origin — 
Formed in an open and deep sea— How far derived from shells and corals— 
A similar rock now in progress in the depths of the Atlantic made up of Globi- 
geriniE-' Origin of Flint in Chalk- -Siliceous Diatomacco) of the Atlantic — 
By what intermittent action the alternate layers of white chalk and flint may 
have been caused — Pot-stones of llorstcad — Isolated pebbles of quartz and 
foreign rocks in chalk — Fossils of the Upper Cretaceous rocks — Echinoderms, 
Mollnscii, Bryozoa, Sponges -Upper Greensand and Gault— Blackdown beds 
— Flora of the Upper Cretaceous period — Fossil plants of Aix-la-Chapelle — 
Large proportion of Dicotyledonous Angiosperms — Their co-existence with 
large extinct genera of reptiles- Chalk of South of Europe — Hippuritc lime- 
stone — Cretaceous rocks of the United States. 

Having treated in tlie preceding chapters of the tertiary strata, wo 
have next to speak of the uppermost of the secondary groups, com- 
monly called the chalk or the cretaceous strata, from cretay the Latin 
name for that remarkable white earthy limestone, which constitutes 
an upper member of the group in those parts of Europe where it was 
first studied. The marked discordance in the fossils of the tertiary, 
as compared with the cretaceous formations, has long induced many 
geologists to suspect that an indefinite series of ages elapsed between 
the respective periods of their origin. Measured, indeed, by such a 
standard, that is to say, by the amount of change in the Fauna and 
Flora of the earth effected in the inteAal, the time between the 
Cretaceous and Eocene may have been as great as that between tin? 
Eocene and Recent periods, to the history of which the last seven 
chapters have been devoted. Several fragmentary deposits have 
been met with here and there, in the course of the last half century, 
of an age intermediate between the white chalk and the plastic clays 
and sands of the Paris and London districts, monuments which have 
the same kind of interest to a geologist which certain medimval 
records excite when we study the history of nations. For both of 
them, throw light on ages of darkness, preceded and followed by 
others of which the annals are comparatively well known to us. 
But these newly-discovered records do not fill up the wide gap, some 
of them being closely allied to the Eocene, and others to the Creta- 
ceous type, while none appear as yet to possess so distinct and cha- 
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ractcristic a fauna as may entitle them to hold an independent place 
in the gi'eat chronological series. 

Among the formations alluded to, the Thanet Sands of Prestwich 
have been sufficiently described in the last chapter, and classed as 
Lower Eocene. Tjo the same tertiary series belong the Belgian 
formations, called by^rofessor Dumont, Landenian and Heersian, 
although the latter may be of higher antiquity than the Thanet 
Sands. On the other hand, the Maestricht and Faxoe limestones 
are very closely connected with the chalk, to which also the Piso- 
litic limestone of Franco has been referred by high authorities. 

The Lower Landenian beds of Belgium consist of marls and sands, 
often containing much green earth, called glauconite. They may be 
seen at Tournay-, and at Angres, near Mons, and at Orp-le-Grand, 
Lincent, and Landcii in the ancient province of Hesbaye, in Belgium, 
where they supply a durable building-stone, yet one so light as to be 
wisily transported. Some few shells of the genus Pholadomya^ 
Scalaria^ and others, agree specifically with fossils of the Thanet 
Sands ; but most of them, such as Astarte incequilntera^ Nyst, are 
peculiar. In the building-stone of Orp-le-Grand, I found a Car- 
diaster^ a genus whichgMcording to Professor E. Forbes, was pre- 
viously unknown in W^^^ewer than the cretaceous. 

Still older than the L^er Landenian is the marl, or calcareous 
glauconite, of the village of lleers, near Waremme, in Belgium ; also 
seen at Marlinne in the same district, where I have examined it. 
It has been sometimes classed with the cretaceous series, although 
as yet it has yielded no forms of a decidedly cretaceous aspect, such 
as Ammonite, Baculite, BelciQiiite, llippurite, &c. The species of 
.shells are for the most part new ; but it contains, according to M. 
Hebert, Pholadomya cuneata^ an Eocene fossil, and lie as.signs it 
with confidence to the tertiary series. 

PisoUlic limestone of France. — Geologists have been still more at 
variance resjiectiiig the chronological relations of this rock, wJiich is 
met with in the neighbourhood of Paris, and at places north, south, 
east, and west of that metropolis, as between Vertus and Laversines, 
Aleudon and Montcreau. It is usually in the form of a coarse 
yellowish or whitish limestone, and the total thickness of the serie.s 
of beds already known is about 100 feet. Its geographical range, 
according to M. Hebert, is not less than 45 leagues from east to 
west, and 35 from north to south. ^Within these limits it occurs in 
small patches only, resting unconformably on the white chalk. 
was originally regarded as cretaceous by M. E. do Beaumont, on the 
ground of its having undergone, like the white chalk, extensive 
denudation previous to the Eocene period ; but many able palaioii- 
tologists, and among others MM. C. d’Orbigny, Deshayea, ainl 
dArchiac, disputed this conclusion, and, after enumerating 54 
species of fossils, declared that their appearance was more tertiary 
than cretaceous. More, recently, M. Hebert, having found the Pecteu 
qaadrivostattis^ a cretaceous species, in this same pisolitic rock, at 
Montereau near Paris, and some few other fossils common to the 
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Maestricht chalk, and to tlie Baculite limestone of the Cotentin, in 
Normandy, classed it as an upper member of the cretaceoas group, 
an opinion since adopted by M. Alcido d’Orbigny, who has carefully 
exuniined the fossils. The Nautilus Danicus^ fig. 278., and two or 
three other species found in this rock, are frequent in that of Faxoo 
in Denmark, but as yet no Ammonites, Hamites, Scaphites,' Turru- 
litcs, or Hippurites have been met with. The' proportion 

of peculiar species, many of them of tertiary aspect, is confessedly 
large ; and great aqueous erosion suffered by the white chalk, before 
the pisolitic limestone was formed, affords aii additional indication of 
the two deposits being widely separated in time. The pisolitic 
formation, therefore, may eventually prove to be somewhat more 
intermediate in date between the secondary and tertiary epochs than 
the Maestriclit rock. 

It should, however, be observed, that all the above-mentioned 
strata, from the Thanet Sands to the Pisolitic limestone inclusive, 
and even the Maestricht rock, next to be described, exhibit marks 
of denudation experienced at various dates, subsequently to the 
consolidation of the white chalk. This fact helps us in some degree 
to explain the remarkable break in the sequence of European rocks, 
between the secondary and tertiary eras, for many strata which once 
existed have doubtless been swept away. 

CLASSIFICATION OF THE CKETAC EOVS ROCKS. 

The cretaceous group has gener.ally been divided into an Upper 
and a Lower series, each of them comprising sevc^ral subdivisiens, 
distinguished by peculiar fossils, and sometimes retaining a uniform 
mineral chnracter throughout wide areas. The Upper series is often 
called familiarly the chalky and the Lower the greemandy the last- 
mentioned name being derived from the green colour imparted to 
cei’taiii strata by grains of chloritic matter. The following table 
comprises the names of the subdivisions most commonly adopted : — 

IJITER CUETACEOCS. 

A. 1. Maestricht beds and Fnxoc limestones. 

2. White chalk with fliiits. 

3. Chalk marl, or grey chalk slightly argillaceous. 

4. U])per Greensand, occasionally with beds of chert, and with chloritic marl 

(craie chloricce of French authors) in the upper portion. 

5. Gault, including the Blackdown beds. 

LOWER CRETACEOUS (or AeocomtaM). 

B. 1. Lower Greensand — green sand, iron sand, clay, and occasional beds of 

limestone (Kentish Rag). 

2. Wealden beds or Weald clay and Hastings sands.* 

* M. Alcidc d’Orbigny, in his valuable work entitled Palcontologie Fran^ai^e, 
has adopted new terms for the French subdivisions of the Cretaceous Scries, 
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Maestricht Beds. — On the banks of the Meuse, at Maestricht, 
reposing on ordinary white chalk with flints, we find an upper cal- 
careous formation about 100 feet thick, the fossils of which are, on 
the whole, very peculiar, and nil distinct from tertiary species. Some 
few are of species common to tlie inferior white chalk, among which 
may be mentioned Belemnites mucronattts (fig. 290. p. 323.) and 
Pecten quadricostatiis^ a shell regarded by many as a mere variety of 
P, quinquecostatus (see fig. 305. p. 325.). Besides the Belemnite there 
arc other such as Baculito and Hamite, never found in strata 

newer thjin the cretaceous, but frequently met with in these Maes- 
tricht beds. On the other hand, Volutn^ Fnsciolaria, and other 
genera of univalve shells, usually met with only in tertiary strata, 
occur. 

The upper part of the rock, about 20 feet thick, as seen in St. 
Peter’s Mount, in the suburbs of Maestricht, abounds in corals and 
Bryozoa, often detachable from the matrix ; and these beds are 
succeeded by a soft yellowish limestone 50 feet thick, cxte.nsivoly 
iluarried from time immemorial for building. The stone below is , 
whiter, and contains occasional nodules of grey chert or chalcedony. 


Fig. 276. 



Mositsaums Campt-ri. Original more than three feet long. 


M. Bosquet, with whom 1 examined this formation (August, 1850), 
pointed out to mo a layer of chalk from two to four inches thick, 
containing green earth and numerous encriiiital steins, which forms 

whicli, so fiir as they can be made to tally with English equivalents, seem ex- 
plicable thus ; — 

i^tage Danien. Maestricht beds. 

— Senoiiicn. White chalk, and chalk marl. 

— - Turonien. Part of the chalk iiiarl. 

Ccnonianicn. Upper Greensand. 

— Albicn. Panit. 

— Aptien. Upper part of I^owcr Greensand. 

— Ncocomien. Lower part of snirio. 

— Nt'ocoinicn 

infericur. Wealden beds and contemporaneous marine strata. 
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the line of demarcation between the strata containing the fossils 
peculiar to Macstricht and the white chalk below. The latter is 
distinguished by regular layers of black flint in nodules, and by 
several shells, such as Terehratula carhea (see flg. 301.), wholly 
wanting in beds higher than the green band. Some of the organic 
remains, however, for which St. Peter’s Mount is celebrated, occur 
both above and below that parting layer, and, among others, the 
great marine reptile called Mosasaurus (see fig. 276.), a saurian 
supposed to have been 24 feet in length, of which the entire skull 
and a great part of the skeleton have been found. Sucl^ remains 
are chiefly met with in the soft freestone, the principal me^mber of 
the Maestricht bods. Among the fossils common to the Maestricht 
and white chalk may be instanced the cchinoderm, fig. 277. 

I saw proofs of the previous denudation of the white chalk ex- 
hibited in the lower bed of the Macstricht 
formation in Belgium, about 30 miles S. W. 
of Maestricht, at the village of Jendrain, 
where the base of the newer deposit con- 
sisted chiefly of a layer of well-rolled, 
black, chalk-flint pebbles, in the midst 
of which perfect specimens of Thecidea 
radians and Belemnites muvronatus are 
embedded. 

Chalk of Faxoe, — In the island of 
Seeland, in Dtmmark, the newest mem- 
ber of the chalk series, seen in the sea-cliffs at Stcvensklint resting 
on white chalk with flints, is a yellow limestone, a portion of which, 
at Faxoe, where it is used as a building-stone, is composed of corals, 
even more conspicuously than is usually observed ’in recent coral 
leofs. It has been quarried to the depth of more than 40 feet, but 
its thickness is unknown. The embedded shells are chiefly casts, 
many of them of univalve mollusca, which are usually very rare in 


Fi|f. 277. 



Hennpuv Hitt'S ttifOatus, Ag. 
SpHitwnns radiaiui, l.ani. 
Chalk ol and white 

chalk. 


Fig. 278. 



Nautilus Danifus^ Sclil. Faxoe. Denmark. 


the white chalk of Europe. Thus, there arc two species of Cyprmn^ 
one of Oliva^ two of Mitra^ four of the genus Cerithium^ six of 
Fmus^ two of Trochusy one Patella^ one Emarginula^ &c. ; on the 
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whole, more than thirty univalves, spiral or patelliform. At the 
same time, some of the accompanying bivalve shells, echinoderms, 
and zoophytes are specifically identical with fossils of the true Cre- 
taceous series. Among the cephalopoda of Faxoe may be mentioned 
Baculitcs Faujasii and Belemnites mucronatus^ shells of the white 


chalk. The Nautilus Danicus (see fig. 278.) is characteristic of this 
formation ; and it also occurs in France in the calcaire pisolitiique 


of La Vorsin (Department of Oise). 

The claws and entire skull of a small crab. Bra- 
chyurus (Schlottheini), are scattered through 

the Faxoe stone, reminding us of similar crusta- 
ceans enclosed in the rocks of modern coral reefs. 
Some small portions of this coralline formation 
consist of white earthy chalk ; it is therefore clear 
that this substance must have been produced simul- 
taneously — a fact of some importance, ns bearing 
on the theory of the origin of wliite chalk ; for the 
decomposition of such corals as we see at Faxoe is 
capable, we know, of forming white mud, uiidistin- to 
guishable from chalk, and which we may suppose | 
to have been dispersed far and wide through the ® 
ocean, in which such reefs as that of Faxoe grew. | 

White chalk (see Tab., p. 312. et seg .). — The f 
highest beds of chalk in England and France con- §• 
sist of a pure, white, calcareous mass, usually too S; 
soft for a building-stone, but sometimes passing ? 
into a more solid state. It consists, almost purely, 5* 
of carbonate of lime ; the stratification is often oh- ? 
scure, except where rendered distinct by interstra- | 
fitied layers of flint, a few inches thick, occasionally % 
in continuous beds, but oftener in nodules, and re- ^ 
curving at intervals from two to four feet distant * 
from each other. ^ 

This upper chalk is usually succeeded, in the i 
descending order, by a groat mass of white chalk " 
without flints, below which comes the chalk marl, 
in which there is a slight admixture of argillaceous 
matter. The united thickness of the three divi- 
sions in the south of England equals, in some places, 
1000 feet. 

The annexed section (fig. 279.) will show the 
manner in which the white chalk extends from 
England into France, covered by the tertiary 
strata described in former chapters, and reposing 
on lower cretaceous beds. 



Geographical extent and origin of the White Chalk, — The area 
over which the white chalk preserves a nearly homogeneous aspect 
is so vast, that the earlier geologists despaired of discovering any 
analogous deposits of recent date. Pure chalk, of nearly uniform 
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aspect and composition, is mot with in a north-west and south-east 
direction, from the north of Ireland to the Crimea, a distance of 
about 1140 geogrnpliical miles, and in an opposite direction it ex- 
tends from the south of Sweden to the south of Bordeaux, a distance 
of about 840 geographical miles. In Southern Russia, according to 
Sir R. Murchison, it is sometimes 600 feet thick, and retains the 
same mineral character as in France and England, with the same 
fossils, including Inoceramus Cuvieri^ Belemnites mucronatus^ and 
Ostrea vesicularis^ 

But it would be an error to imagine that the ehalk was ever 
spread out continuously over the whole of the space comprised within 
tliese limits, although it prevailed in greater or less thickness over 
large portions of that area. On turning to those regions of the 
Pacific wliero coral reefs abound, we find some archipelagoes of 
lagoon islands, such as that of the Dangerous Archipelago, for 
instance, and that of Radack, with several adjoining groups, which 
arc from 1100 to 1200 miles in length, and 300 or 400 miles broad ; 
and the space to which Flinders proposed to give the name of the 
Coralline Sea is still larger, for it is bounded on the east by the 
Australian l)arrier — all formed of coral rock — on the west by IS'ew 
Caledonia, and on the north by the reefs of Louisiade. Although 
the islands in these areas may be thinly sown, the mud of the decom- 
posing zoophytes and foraminifera may be scattered far and wid(5 
by oceanic currents. That this mud would sometimes resemble chalk 
1 have already hinted, when speaking of tlie Faxoe limestone, p. 314., 
and it was also remarked in an early part of this volume, that even 
some of that chalk, which appears to an ordinary observer quite 
destitute of organic remains, is nevertheless, when seen under the 
microscope, full of fm-gments of corals, hryozoa, and si>onges ; tO' 
gether with the valves of entomostraca, the shells of foraminifera, 
and still more minute infusoria. (See p. 2(>,) 

Now it had been oi’ten suspected, before these discoveries, that 
white chalk might be of animtal origin, even where every trace of 
organic structure had vanished. This bold idea was partly founded 
on the fact, that tlie chalk consisted of carbonate of Ikne, such as 
would result from the decomposition of testacea, echini, and corals ; 
and partly on the passage observable between these fossils when half 
decomposed and chalk. But this conjecture seemed to many natural- 
ists quite vague and visionary, ui.Jl its probability was strengthened 
by new evidence brought to light by modern geologists. 

We learn from Captain Nelson that, in the Bermuda Islands, and 
in the Bahamas, there are many basins or lagoons almost surrounded 
and enclosed by reefs of coral. At the bottom of these lagoons a 
soft white calcareous mud is formed, not merely from the comminu- 
tion of corallines (or calcareous plants) and corals, together with the 
exuvim of foraminifera, mollusks, echiiioderms, and crustaceans, but 
also, as Mr. Darwin observed upon studying the coral islands of the 
Pacific, from the faecal matter ejected by echinoderms, conchs, and 
coral-eating fish. In the West Indian seas, the coiich {Strombus gigas) 
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adds largely to the chalky mud by means of its faecal pellets com- 
posed of minute grains of soft calcareous matter, exhibiting some 
organic tissue. Mr. Darwin describes gregarious fishes of the genus 
Scarusy seen through the clear waters of the coral regions of the 
Pacific browsing quietly in great numbers on living corals, like 


On 


opening 


their 


Fig. 280. 



grazing herds of graminivorous quadrupeds, 
bodies, their intestines were found to be filled 
witli impure chalk. This circumstance is the 
more in point, when we recollect how the 
fossilist was formerly puzzled by meeting, in 
chalk, with certain bodies, called “larch- 
cones,” which were afterwards recognized by 
Dr. Buckliind to be the excrement of fish. 

Such spiral coprolitcs (tig. 280.), like the scales 
and bones of fossil fish in the chalk, are com- Coproiites rrom the 
posed chiefly of phosphate of lime. ‘ 

In the Bahamas, the angel-fish, and the unicorn or trumpet-fish, 
and many others, feed on shellfish, or on corals. 

The mud derived from the sources above mentioned may be actu- 
ally seen in the Maldiva Atolls to be washed out of the lagoons 
through narrow openings leading from the lagoon to the ocean, and 
the waters of the sea are discoloured by it for some distance. When 
dried, this mud is very like common chalk, and might probably be 
made by a moderate pressure to resemble it still more closely.* 

Mr. liana, when describing the elevated coral reef of Oahu, in the 
Sandwich Islands, snys tliat some varieties of the rock consist of 
aggregated shells, embedded in a compact calcareous base as firm in 
texture as any secondary limestone ; while others are like chalk, 
liaving its colour, its earthy fracture, its soft homogeneous texture, 
and being an equally good writing material. The same author de- 
scribes, in several growing coral reefs, a similar formation of modern 
chalk, uiidistinguisliable from the ancient.! The extension, over a 
wide submarine area, of the calcareous matrix of the chalk, as well 
as of the embedded fossils, would take place more readily in conse- 
quence of the low specific gravity of the shells of mollusca and zoo- 
phytes, when cornfiared with ordinary sand and mineral matter. The 
mud also derived from their decomposition would be much lighter 
than argillaceous and inorganic mud, and very easily transported by 
currents, especially in salt water. 

But the analogy of existing coral reefs would better illustrate such 
formations as the Oolitic limestones, to be described in Chapters XX. 
and XX r., wlych consist in great part of compact rock, than the soft 
and unconsolidated white chalk. A new light has recently been 
thrown upon the origin of the latter deposit hy the deep soundings 
made in the North Atlantic, previous to laying down, in 18.58, the 
electric telegraph between Ireland and Newfoundland. At depths 


* See Nelson, Gcol.Trans.,1837,vol.v. f U. S. Exploring Exped., 

p. 108.; undGeol. Quart. Jouni., 1853, p. 252. 1849. 

p. 20U. 
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Hometimes exceeding two miles, the mud forming the floor of the 
ocean was found, when examined by Professor Huxley, to bo almost 
entirely composed (more than nineteen-twentieths of the whole) of 
minute Rhizopods, or foraminiferous shells of the genus Giobigerina^ 
especially the species Globigerina bulloides (see tig. 281.). In the 
remainder of the mud the organic bodies next in quantity were the 
siliceous shells called Polycgstinea^ and next to them the siliceous 
skeletons of plants called DiatomacecB (figs. 282, 283, 284.), and 
occasionally some siliceous spiculm of sponges (fig. 285.), were inter- 
mixed. 

Fig. 281. Fig. 282. Fig. 283. Fig. 284. Fig. 285. 



• • • 


Organic liouies forming the o<iie of the bed of the Atlantic at great depths. 

Fig. 2RI. GLibiaenna hulloitids. Calcareous Rhixopod, 

282. Aclinocydas \ 

WA, Pmnulttiia > Siliceous Diatoms. 

2H4. Eunutia buiens ) 

285. Spkula of sponge. Siliceous sparse. 

In 1860, shells of the same Globigerina were observed by Sir 
Leopold MacClintoch and Dr. Wallich, during the cruise of the 
“Bulldog,” to form, over other wide areas of the Atlantic, a propor- 
tion of about 95 per cent, of the mud, both between the Faroe Islands 
and Iceland, and between Iceland and Greenland. The consistency 
of the ooze brought up from great depths in these areas is described 
as akin to that of putty. On the surface were found living Globi- 
gerime, while immediately below were countless calcareous grains, 
the relics of bygone generations. Each of these grains, ns will bo 
seen by the magnified drawing, instead of being solid, consists of a 
collection of cells, and as similar Globigerinae form a largo part of 
the white chalk, their structure, as Mr. Dana has well observed, 
helps us to understand the imperfect aggregation of that remarkable 
rock. At the same time the continued growth of these Rhizopods 
over a wide extent of deep ocean enables us to conceive how formerly 
in European areas a vast thickness of cretaceous limestone, very 
uniform in composition and devoiu of sand, pebbles, terrestrial and 
freshwater plants and shells, and all other signs of a neighbouring 
continent, may have been formed. That white chalk is now form- 
ing in the depths of the ocean, may now be regardeej^ as an ascer- 
tained fact, because the Globigerina bulloides is specifically undis- 
tinguishable from a fossil which constitutes a large portion of the 
chalk of Europe. It isMiot figured (p. 26.) among the cretaceous 
foramiuifera discovered by Mr. Lonsdale in 1835, because it occurs 
for the most part in fragments in the white chalk, and the perfect 
shell was not well understood before it was obtained living from the 
bed of the Atlantic. The Rosalina figured in the same page some- 
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what resembles exteroalljr a Globigerina, but it differs in the 
arrangement of its cells. 

Chalk Flints , — The origin of the layers of flint, whether in con- 
tinuous sheets or in the form of nodules, has always been found 
more difficult to account for than that of the white chalk. In 
modern coral reefs no such siliceous masses are known to be forming 
But here again the late deep-sea soundings have suggested a very 
probable source of sucli mineral matter. During the cruise of the 
** Bulldog,” already alluded to, it was ascertained that while the 
calcareous Globigerinm had almost exclusive possession of certain 
tracts of the sca-bottom, they were wholly wanting in others, as 
between Greenland and Labrador. Dr. Wallich supposes that they 
flourish in those spaces where they may derive nutriment from or- 
ganic and other matter, brought from the south by the warm waters 
of the Gulf Stream, and that they may be absent where the effects 
of that great current are not felt. In several of the spaces where 
the calcareous Rhizopods are wanting, the microscopic plants 
called Diatomacecs^ before mentioned (figs. 282. 284.), the solid 
parts of which are siliceous, monopolize the ground at a depth of 
nearly 400 fathoms, or 2400 feet. 

Mr. Dana also has reminded us that in the soundings made in the 
Sea of Kamtschatka Professor Bailey found the samt^ microscopic 
vegetable organisms in as great profusion as are the Globigerinm 
in the Atlantic, and ho adds that when such Diatomacese decom- 
])ose, the alkaline waters of the ocean can take up and hold in solu- 
tion only a minute portion of the silica set free, so that an oppor- 
tunity would be given for the remainder to form concretionary 
nodules, or to aggregate round any foreign body as a nucleus, 
especially when sucii a body is undergoing chemical change or de- 
composition. This would explain the frequent occurrence oii fossils 
within nodules of flint, and the silicification of various organisms.* 
In some parts of the southern hemisphere likewise, as Captain 
Maury observes, in lat. 13® S., long. 16® E., for example, siliceous 
Diatomaceas and sponge spicules are the predominant forms instead 
of calcareous Rhizopods. 

If it be asked how the Diatomacem above alluded to can obtain a 
constant supply of silex in solution, I may remind tlie reader of the 
decomposition of felspathic rocks mentioned above (p. 42.) as a 
copious source of that mineral. Almost all the great rivers which 
flow into the ocean must contain some of it, and springs charged 
with silex in solution must rise up in many parts of the bed of the 
ocean as they do on dry land. 

Dr. Buckland endeavoured formerly to account for the recurrence, 
at so many distinct levels, of beds of nodular or tabular flint in the 
chalk, by supposing the periodical accumulation of widely-extended 
layers of mud, made up of calcareous and siliceous matter. When 
a stratum flve or six feet or more in thickness had accumulated, its 


• Daua’s Geology p. 489 . ' 
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partial consolidation took place, during which the heavier silex sank 
to the bottom, forming nodules, or, if it was in sufficient quantity, 
continuous layers.* But the thickness of the masses of chalk inter- 
vening between some of the strata of flint has always made this 
hypothesis somewhat unsatisfactory, although 'such segregation of 
siliceous matter lielps us to conceive how isolated and scattered 
flinty nodules may sometimes be formed in the midst of a calcareous 
matrix. To explain a regular succession of flinty layers, we must 
seek out some intermittent action, favouring alternately the deposi- 
tion of calcareous and siliceous matter. Many centuries would 
probably be required for the growth' of microscopic organisms suffi- 
cient in quantity to form a bed of white chalk several feet, and 
sometimes yards, in thickness. We may imagine that after a lapse 
of many years or centuries, changes took place in the direction of 
the marine currents, favouring at one time a supply in the same 



area of siliceous, and at another of calcareous matter in excess, 
giving rise in the one case to ii preponderance of Globigerinae, and 
in the other of Diatomacem. 

A more difficult enigma is presented by the occurrence of certain 
huge flints, or potstones, as they are called in Norfolk, occurring 
singly, or arranged in nearly continuous columns at right angles to 
the ordinary and horizontal layers of small flints. I visited, in the 
year 182o, an extensive range of quarries then open on the River 
Bure, near Ilorstead, about six miles from Norwich, which afforded 
a continuous section, a quarter of a mile in length, of white chalk, 
exposed to the depth of twenty-six feet, and covered by a thick bed 
of gravel. The potstones, many of them pear-shaped, were usually 

* Geol. Trans., Eirat Scries, vol. iv. p. 413. 
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about three feet in height and one foot in their transverse diameter, 
placed in vertical rows, like pillars at irregular distances from each 
other, but usually from 20 to 30 feet apart, though sometimes 
nearer together, as in the above sketch. These rows did not 
terminate downwards in any instance which I could examine, nor 
upwards, except at the point where they were cut off abruptly by 
the bed of gravel. On breaking open the potstones, I found an in- 
ternal cylindrical nucleus of pure chalk, much harder than the 
ordinary surrounding chalk, and not crumbling to pieces like it, 
when exposed to the winter’s frost. At the distance of half a mile, 
the vertical piles of potstones 'were much farther apart from each 
other. Dr. Buckland has described very similar phenomena as charac- 
terizing the white chalk on the north coast of Antrim, in Ireland.* 

These pear-shaped masses of flint often resemble in shape and size 
the large sponges called Neptune’s cups {Spongia patera, Hardw.), 
which grow in the seas of Sumatra ; and if we could suppose a series 
of such gigantic sponges to be separated from each other, like trees 
in a forest, and the individuals of each successive generation to grow 
on the exactj spot where the parent sponge died and was enveloped 
in calcareous mud, so that they should become piled one above the 
other in a vertical column, their growth keeping pace with the ac- 
cumulation of the enveloping, calcareous mud, a counterpart of the 
phenomena of the Horstead potstones might be obtained. 

Single pebbles in chalk , — The general absence of sand and pebbles 
in the white chalk has been already mentioned ; but the occurrence 
here and there, in the south-east of England, of a few isolated peb- 
bles of quartz and green schist, some of them 2 or 3 inches in dia- 
meter, has justly excited much wonder. If these had been carried 
to the spots where we now find them by waves or currents from the 
lands once bordering the cretaceous sea, how happened it that no 
sand or mud were transported thither at the same time? We cannot 
conceive such rounded stones to have been drifted like erratic blocks 
by ice (see Chaps. X. and XI,), for that would imply a cold climate in 
the Cretaceous period — a supposition inconsistent with the luxuriant 
growth of large chambered univalves, numerous corals, and many 
fish, and other fossils of tropical forms. 

Now in Keeling Island, one of those detached masses of coral 
which rise up in the wide Pacific, Captain Boss found a single 
fragment of greenstone, where every other particle of matter was 
calcareous : and Mr. Darwin concludes that it must have come there 
entangled in the roots of a large tree. He reminds us that Chamisso, 
the distinguished naturalist who accompaified Kotzebue, affirms that 
the inhabitants of the Radack archipelago, a group of lagoon islands 
in the midst of the Pacific, obtained stones for sharpening their 
instruments by searching the roots of trees which are cast up on the 
beach.f 


* Gcol. Trans., First Series, vol. iv. t Darwin, p. 549. Kotzebue’s First 
p. 413. “On Paranioudra, &c.” Voyage, vol. iii. p. 155. 

Y 
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It may perhaps be objected, that a similar mode of transport 
cannot have happened in the cretaceous sea, because fossil wood is 
very rare in the chalk. Nevertheless wood is sometimes met with, 
and in the same parts of the chalk where the pebbles are found, both 
in soft stone and in a silicified state in flints. In tliese cases it has 
often every appearance of having been floated from a distance, being 
usually perforated by boring-shells, such as the Teredo and Fista- 
lana.* 

The only other mode of transport which suggests itself is sea- 
weed. Dr. Beck informs me that in the Lym-Fiord, in Jutland, the 
Fucus vesiculosm, often called kelp, sometimes grows to the height 
of 10 feet, and the branches rising from a single root form a cluster 
several feet in diameter. When the bladders are distended, the plant 
becomes so buoyant as to float up loose stones several inches in dia- 
meter, and these are often thrown by the waves high up on the 
beach. The Fucus giganteus of Solan der {Macrocysles pyriferay 
Hooker), so common in Terra del Fuege, was described by Captain 
Cook as attaining the length of 36u feet, although the stem is not 
much thicker than a man’s thumb. Dr. Hooker found the same sea- 
weed 700 feet long.f It is often met with floating at sea, with sludls 
attached, several hundred miles from the spots where it grew. Some 
of these plants, says Mr. Darwin, were found adhering to large loose 
stones in the inland channels of Terra del Fuego, during the voyage 
of the “ Beagle ” in 1834 ; and that so firmly, that the stones were 
drawn up from the bottom into the boat, although so heavy that 
they could scarcely be lifted in by one person. Some fossil sea- 
weeds have been found in the Cretaceous formation, but none, as 
yet, of large size. 

But we must not imagine that because pebbles are so rare in the 
white chalk of England and France there are no proofs of sand, 
shingle, and clay having been accumulated contemporaneously even 
in European seas. The siliceous sandstone, called “upper quader” 
by the Germans, overlies white argillaceous chalk or “ pliiner-kalk,” 
a deposit resembling in composition and organic remains the chalk 
marl of the English series. This sandstone contains as many fossil 
shells cornmoh to our white chalk as could bo expected in a sea- 
bottom formed of such different materials. It sometimes attains a 
thickness of 600 feet, and, by its jointed structure and vertical preci- 
pices, plays a conspicuous part in the picturesque scenery of Saxon 
Switzerland, near Dresden. 


FOSSILS OF THE UPPER CRETACEOUS ROCKS. 

Among the fossils of the white chalk, echinoderms are very nu- 
merous ; and some of the genera, like Ananchytes (see flg. 287.). 

* Mantcll, Geol. of S. £. of England, p. 96. 
t Flora Antarctica, vol. ii. p. 4G4. 
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are exclusively cretaceous. Among the Criuoidea, the Marsupite 
(fig. 294.) is a characteristic genus. Among the mollusca^the cepha- 


Fig. 287. 



Ananchytes ovuta. White chalk, upper and lower. 

A. side view. 

b. bottem of the shell on which both the oral and anal apertures are placed ; 
the anal being more round, and at the smaller end. 

lopoda, or chambered univalves, of the genera Ammonite, Scaphite, 
Belemnite (fig. 290.), Baculite (291 — 293.), and Tuirilite (296, 297.), 


Fig. 288. Fig. 289. 



Micraster cor~angufnum. Gala tics albogalerus, Lam. 

White chalk. • Wliite chalk. 


with other allied forms, present a great contrast to the tcstacea of 
the same class in the Tertiary and Recent period.s. 

Fig. 290. 



a. Belenmitcs mueronaitts. Syn. Iklemnitella mucronata. 

b. same, showing internal structure. Maestricht, Faxue, and white chalk. 


Fig. 291. 


Jiaculites anceps. Upper Greensand, or chloritic marl, craie cMoritie, France. 
A. d'Orb., Terr. Cret. 


Fig. 292. Fig. 293. 



Portion of Faujasii, Portion of Baculiies aneeps- 

Maestricht and Faxou beds and white chalk. Maestricht and Faxoe beds aud white chalk. 

y2 
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Fig. 294. 


Fig. 296. 




’hianvmUe* Mitteri. 
White cAalk. 


BeapMte$ tequaUt. Chloritle 
marl of Upper Greensand, 
Dorsetihire. 


Fig. 296. 




43. fragment of Tumiitfs eostatus. 
Chalk marl. 


Among the brachiopoda in the white chalk, the TerebratulcR are 
very abundant. These shells are known to live at the bottom of the 


Fig. 298. 



Fig. 299. Fig. 300. 



TerebratuHna striata. 
Upper white chalk. 


RhynchoneUa 

octnpltcata. 

( Var. of T. plicntilis,) 
Upper white chalk. 


Magas pwmilay Sow. 
Upper while chalk. 


Fig. 301. 



Terebratula 

cornea. 

Upper white chalk. 


sea, where the water is tranquil and of some depth (see figs. 298, 
299, 300, 301, 302.). With these are associated some forms of oyster 
(see figs. 309, 310, 311.), and other bivalves (figs. 303, 304, 305, 
30(>* 307.). 

Among the bivalve mollusca, no form marks the Cretaceous era in 
£uropc, America, and India, in a more striking manner than the 
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Terebratula biplicata. 
Sow. Upper cretaceous. 


Crania ParisientiB^ 
ini'eiior or attached 
valve. 

Upper white chalk. 


Pecten Beaveri. reduced to 
one- third diameter. 
Lower white chalk and chalk 
marl. Maidstone. 


extinct genus Inoceramus ( Catillus of Lam. ; see fig. 308.), the shells 
of which are distinguished by a fibrous texture, and are often met 
with in fragments, having, probably, been extremely friable. 




Pecten b-costatUB, 
White chalk, Upper and 
Lower Greensands. 


Plaemtoma Hapert, Sow. 
syn. Lima llvperi. 
White chalk and Upper 
• Greensand. 


Lima tpinata^ SoW. 
Syn. Spondylus tpinoiUB. 
Upper white chalk. 


Of the singular family called Budistes, by Lamarck, hereafter to 
be mentioned as extremely characteristic of the chalk of Southern 

Fig. 308. Fig. 309. 

0 0 0 Q 




IruiceramuB Lamarekii. 

Syn. CatiUuB Lamarekii, 

White chalk. (Dixon’s Geol. Sussex, Tab. S 
fig. 39.) 


Ostrea veakularis. Svn. Gryphaa globosa. 
Upper chalk and Upper Greensand. 


Europe, a single representative only (fig. 312.) has been discovered 
in the white chalk of England. 
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Fig. 310. 


Fig. 311. 



Ostrea eolumAa. 0$irea earinata. Chalk marl, Upper and 

Syn. Qryphtca calumba. Lower Greenland. 

Upper (ireensand. 





HadiolHes Moriont\ Mantell. Houghton, Sussex. White chalk. 

Diameter onc-sefenili nat. size. 

Fig. 312. Two individuals deprived of their upper valves, adlieiing together. 

31.3. .Same seen from above. 

3N. Transverse section of part of the wall of the shell, magnified to show the structure. 

31.'>. Vertical section of the same. 

On the side where the shell is thinnest, there Is one external furrow and corresponding internal 
ridge, /I, h, figs. 31 2, 313 ; hut they are usually less prominent tlian in these figures. This species 
was first leterred by Mantell to Hippuritrs, afterwards to the genus UadioUtes. I have never seen 
the upper valve, T'he specimen above figured was discovered by the late Mr. Dixon. 


With these molliisca are associated mfiny Bryozoa, such as Es- 
chara and Escharina (figs. 316, 317.), which are alike marine, and, 


Fig. 31C. 



Etehara disticha. 

a. natural size. 

b. portion magnified. 
White chalk. 


for the most part, indicative of a deep sea. These and other organic 
bodies, especially sponges, such as Ventriculites (fig. 318.), are dis- 
persed indifferently through the soft chalk and hard flint, and some 
of the flinty nodules owe their irregular forms to enclosed sponges 
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snoh as fig. 319. a., where the hollows in tlio exterior are caused 
by the branches of a sponge, seen on breaking open the flint (lig. 
319. b.). 


Fig. 320. 


Fig. 319. 



A branchinR spongp in a flint, from the white chalk. 
From the collection of Mr. Bowcrbaiik. 


Siphonia pyri^ 
Jormii. 

Blockdown beds. 

The remains of fishes of J:he Upper Cretciceous formations consist 
chiefly of teeth of the shark family of genera, in part common to the 
tertiary, and partly distinct. To the latter belongs the genus 
Ptychodus (fig. 321.), which is allied to the living Port Jackson 
Shark, Cestracion Phillifipi, the anterior teeth of which (see fig. 
322. a) are sharp and cutting, while the posterior or palatal teeth 
{h) are flat, and analogous to the fossil (fig. 321.). 
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Cestracfon PMllippi s recent. 

Fort Jackson. Buckland, Bridgewater Treatise, PI. 27. d. 


But WO meet with no bones of land animals, nor any terrestrial 
or iluviatile shells, nor any plants, except sea- weeds, and here and 
there a piece of drift-wood. All the appearances concur in leading 
us to conclude that the white chalk was the product of an open sea 
of considerable depth. 

The existence of turtles and oviparous saurians, and of a Ptero- 
dactyl or winged lizard, found in the white chalk of Maidstone, im- 
plies, no doubt, some neighbouring land ; but a few small islets in 
inid-occan, like Ascension, formerly so much frequented by migratory 
droves of turtle, might perhaps have afforded the required retreat 
where these creatures laid their eggs in the sand, or from which 
the flying species may have been blown out to sea. Of the vegetation 
of such islands we have scarcely any indication, but it consisted 
partly of cyeadaceous plants; for a fragment of one of these was found 
by Capt. Ibbetson in the Chalk Marl of the Isle of Wight, and is 
referred by A. Brongniart to Clatkraria Lyellii^ Mantell, a species 
common to the antecedent Wealden period. 

The Pterodactyl of the Kentish chalk, above alluded to, was of 
gigantic dimensions, measuring 16 feet 6 inches from tip to tip of its 
outstretched wings. Some of ifc elongated bones were at first mis- 
taken by able anatomists for tuose of birds; of which class no 
osseous remains have as yet been derived from the white chalk, 
although they have been found (as will be seen in the next page) 
in the Upper Greensand. 

Upper Greensand (A. 4., Table, p. 312.). — The lower chalk without 
flints passes gradually downwards, in the south of England, into an 
argillaceous limesiono, “the chalk marl,” already alluded to, in 
which ammonites and other cephalopoda, so rare in the higher parts 
of the series, appear. This marly deposit passes in its turn into 
beds called the Upper Greensand, containing green particles of 
sand of a chloritic mineral. In parts of Surrey, calcareous matter 
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is largely intermixed, forming a stone called firestone. In the cliffs 
of the southern coast of the Isle of Wight, this upper greensand is 
100 feet thick, and contains bands of siliceous limestone and calca- 
reous sandstone with nodules of chert. 

The Upper Greensand is regarded by Mr. Austen and Mr. D. 
Sharpe as a littoral deposit of the Chalk Ocean, and, therefore,^ 
contemporaneous with parIP of the chalk marl, and even, perhaps, 
with some part of the white chalk. For as the land went on sinking, 
and the cretaceous sea widened its area, wliite mud and chloritic 
sand were always forming somewhere, but the line of sea-shore was 
perpetually varying its position. Henc^, though both sand and 
mud originated simultaneously, the one near the land, the other far 
from it, the sands in every locality where a shore became submerged 
might constitute the underlying deposit. 

Gault , — Tlie lowest member of the Upper Cretaceous group, 
usually about 100 feet thick in the S.K. of England, is provincially 
termed Gault. It consists of a dark blue marl, sometimes intermixed 
with greensand. Many peculiar forms of cephalopoda, such as the 


Fossils of tho Upper Grebiisand. 
Fill. 323. 


Fig. 324. 



Fig. 32.S. 



Ifamite (fig. 325.) and Scaphitey with other fossils, characterize this 
formation, which, small as is its thickness, can be traced by its 
organic remains to distant parts of Europe, as, for example, to the 
Alps. 

The Blackdown beds in Devonshire, celebrated for containing 
many species of fossils not found elsewhere, have been commonly 
referred to the Upper Greensand, which they resemble in mineral 
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character ; but Mr. Sharpo has suggested, aud apparently with 
reason, that they are rather the equivalent of the Gault, and^were 
probably formed on the shore of the sea, in the deeper parts of 
which the .fine mud called Gault was deposited. Several Blackdown 
species are common to the Lower Cretaceous series, as, for example, 
^'rigomn caudata^ fig. 334. p. 342. We learn from M. d’Archiac, 
that in France, at Mons, in the valley ofc the Loire, strata of green- 
sand occur of the same age us the Blackdown beds, aud containing 
many of the same fossils. They are also regarded as of littoral 
origin by M. d’Archiac.* 

The phosphate of limc,^found near Farnham, in Surrey, and near 
Cambridge, in such abundance as to be used largely by the agri- 
culturist for fertilizing soils, occurs in the Upper Greensand. It is 
doubtless of animal origin, and partly coprolitic, derived from the 
excrement of fish and reptiles. In this formation near Cambridge 
the late M. Louis Barrett discovered, in IboS, the remains of a bird, 
which was rather larger than the common pigeon, aud probably of 
the Order Natatores, and which, like most of the Gull tribe, had 
well-developed wings. Portions of the metacarpus, metatarsus, 
tibia, and femur have been detected, and the determinations of Mr.. 
Barrett have been confirmed by Professor Owen. 


FLORA OF TIIK UPPKU CHKTACKOUS PERIOD. 

As the upper cretaceous rocks of Europe are, for the most part, 
of purely marine origin, and formed in deep water far from the 
nearest shore, land-plants of this period, as we might naturally have 
anticipated, arc very rarely met with. In the neighbourhood of Aix- 
la-Chaj)ellc, however, an important exception occurs, for there 
certain wdiite sands, 400 feet in thickness, contain the remains of 
terrestrial plants in a beautiful state of preservation. These have 
been diligently collected and studied by Dr. Debcy, and as they 
afford the only examphryot known of a terrestrial flora older than 
the Eocene, in which the great divisions of the vegetable kingdom 
are represented in nearly the same proportions as in our own times, 
they deserve particular attention. Dr, Debey estimates the number 
of species as amounting to more than two hundn?d, of which sixty- 
seven arc cryptogamous, chiefly ferns, twenty species of which can 
be well determined, most of them being in fructification. The 
cicatrices on the bark of one or two are supposed to indicate tree- 
ferns. Of thirteen genera three are still existing, namely, Gleiche- 
nitty now inhabiting the Cape of Good Hope and Now Holland ; 
Lygodiuniy now living in «Tapan, Java, and North America ; and 
Aspleniuniy a cosmopolite form. Among the phaenogamous plants 
the Conifers are abundant, the most common belonging to a genus 
called Cycadopteris by Debey, and hardly separable from Sequoia 


* Hist, des Progriis de la Geol, &c., vol. iv. p. 360. 1851. 
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(or Wellingtonia), of which both the cones and branches are pre- 
served. When I visited Aix, I found the silicified wood of this 
plant very plentifully dispersed through the white sands in the pits 
near that city. In one silicihed trunk 200 rings of annual growth 
had been counted. Species of Araucaria like those of Australia are 
also found. Cycads are extremely rare, and of Monocotyledons there 
are but few. No palms have been recognized with certainty, but 
the genus Pandanus, or screw pine, has been distinctly made out. 
The number of the Dicotyledonous Angiosperms is the most striking 
feature in so ancient a flora.* 

Among them we find the familiar forms of the Oak, Fig, and 
Walnut, Q/iiercus^ FicuSy and JuglanSy of the latter both the nuts 
and leaves ; also several genera of the Myrtace®. Hut the pre- 
dominant order is the Proteace®, of which there are between sixty 
and seventy species, many of extinct genera, but some referred to 
the following living forms— Dryandra, Grevillea, Hakea, Banksia, 
Persooiiia — all now belonging to Australia, and Loucosperinum, 
sj)ccies of which form small bushes at the Cape. 

rhe (ip i derm is of the leaves of many of these Aix plants, espe- 
cially of the Proteace®, is so perfectly preserved in an envelope 
of fine clay that under the microscope the stomata, or polygonal 
cellules, can be detected, and their peculiar arrangement is identical 
with that known to characterize some living 'Proteace® (Grevillea, 
for example). An occasional admixture of Fucoids and Zosterites 
attests, like the shells, the presence of saltwater. 

Of insects, Dr. Deboy has obtained about ten species of the 
families Curculionid® and Carabid®. 

The ago of the beds containing this remarkable assemblage of 
plants was for a long time matter of dispute. They were at first 
erroneously referred to the Middle Tertiary, and afterwards to rhe 
Lower Cretaceous scries, but they are in truth the equivakmts of the 
white chalk and Chalk Marl, or SiSnonien of D’Orbigny. Such was 


* In this^and subsequent remarks on fossil plants I shall often use T)r. Lindley’s 
terms, ns most familiar in tliis country ; hut as those of M. A. limngniart arc 
much cited, it may be useful to geologists to give a table exphuiiing the corre- 
sponding names of groups so much spoken of in palaeontology. 


Urongniart. 

^ 1. Cryptogainoiis am-] 
pliigens, or cellular (■ 
cryptogamic. J 

2. Cryptogurnous acro- 

gens. 

V 

3. Dicotyledonous gym- 

nosperms. 

4. Dicot. Angiosperms. 


5. Monocotyledons. 


JJiidley. 

Thallogens. 

Acrogens. 

Gymnogens 

Exogens. 

Eiidogens. 


Lichens, sea-weeds, fungi. 

Mosses, cquisetums, ferns, lyco- 
podi uins, — Lepi (lodendron. 

Conifers and Cycads. 

Composite, Icguminos®, nm- 
belliferm, cnieiferie, heaths, 
&c. All native European 
trees except conifers. 

Palms, lilies, aloes, rushes, 
grasses, Ac. 
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Ferdinand Romer’s opinion in 1 853*9 and after examining the coun- 
try in 18o7, I satisfied myself that he was right, although the white 
siliceous sands of the lower beds, and the green grains in the upper 
part of the formation, cause it to differ in mineral character from 
our white chalk. * 

In travelling from Maestricht to Aix-la-Chapelle, we first pass 
from the Maestricht beds to white chalk, with flints, about 300 feet 
thick, next to which, in descending .order, we find chalk without 
flints, and Chalk Marl ; and below this again, greensand, which 
contains Belemnitella mucronata (fig. 290. p. 323.), • and other 
fossils, showing that it is not the equivalent of the English Upper 
Greensand. Below this are the white and yellow sands of Aix, 
about 400 feet thick, which rest immediately on ancient Devonian 
rocks, highly inclined. Some of the sand in the lower bods has 
concreted into solid masses of sandstone, like the German Quader 
Sandstein. 

Beds of fine cl^y, with fossil plants, and with seams of lignite 
and even perfect coal are intercalated. Floating wood, containing 
perforating shells, such as Fholas, and Gastrochoena also occur. 
There are likewise a few beds of a yellowish brown limestone, with 
marine shells, which enable us to identify the lowest with the 
highest plant-beds. Among these shells are Fecien quadricostatus^ 
and several others which are common to the upper and lower part of 
the series, and a Trigonia, called by some of the Aix naturalists 
T. alacformis^ which, as M. Bosquet pointed out to me, agrees far 
better in character with D’Orhigny’s T. limbata^ a shell of the 
white chalk. On the whole the organic remains and the geological 
position of the strata prove distinctly that in the neighbourhood of 
Aix-la-Chapelle, a gulf of the ancient cretaceous sea was bounded 
by land composed of Devonian rocks. These rocks consisted of 
quartzose and schistose beds, the first of which supplied white sand 
and the other argillaceous mud to a river which entered the sea at 
this point, carrying down in its turbid waters much drift-wood and 
the leaves of plants. Occasionally, when the force of the river 
abated, marine shells of the genera Trigoniay Turritella, Pecten^ 
8cc., established themselves in the same area, and plants allied to 
Zoslera and Fucus grew on the bottom. 

Before the cretaceous flora of Aix-la-Chapelle was known, a few 
loaves of a dicotyledonous and angiospermous genus, called “ Cred- 
iioria,” were known in the “ Quader Sandstein ” and “ PJiiner Kalk,” 
of Germany, rocks corresponding in ago to the white chalk and 
gault of England. But such fossil plants were the only representa- 
tives in rocks older than the Eocene period of those Exogens 
which now constitute three-fourths of the living vegetation of the 
globe. 

M. Adolphe Brongniart, when dividing the whole fossiliferous 


* F. Romcr, Kreidcbildnng der Gegend von Aachen. Deutsch. Geol. Go- 
sellsch., vii. 534. 
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series into three groups in reference solely to fossil plants, has named 
the primary strata “ the age of acrogens the secondary, exclusive 
of the cretaceous, ** the age of gymnosperms and the third, com- 
prising the cretaceous and tertiary, ‘'the age of angiosperms.” 
He considers the cretaceous flora as displaying a transitional charac- 
ter from that of a secondary to that of a tertiary vegetation. Cow2- 
fera and CycadecB, (or feymnogons) still flourished, as in the pre- 
ceding oolitic and triassic epochs ; while, together with these, some 
well-marked leaves of dicotyledonous angiosperms appeared. •Hut 
now that the fossil plants of Aix-la-Chapelle are with certainty re- 
ferred to an Upper Cretaceous era, the line dividing the ages of 
gymnosperms and of angiosperms seems to run between the Lower 
and Upper Cretaceous formations, or between the Lower Greensand 
and thp sands of Aix. 

The resemblance of the flora of Aix-la-Chapelle to the tertiary 
and living floras in the proportional number of dicotyledonous an- 
giosperms as compared to the gymnogens, is a subject of no small 
theoretical interest, because we can now affirm that these Aix 
plants flourished before the rich reptilian fauna of the secondary 
rocks had ceased to exist. The Ichthyosaurus, Pterodactyl, and 
Mosasaurus were of coeval date with the oak, the walnut, and the 
fig. Speculations have often been hazarded respecting a conneciion 
between the rarity of Exogens in the older rocks and a peculiar 
state of the atmosphere. A denser air, it was suggested, had in 
earlier times been alike adverse to the wellbeing of the higher 
order of flowering plants, and of the quick -breathing animals, such 
as mammalia and birds, while it was favourable to a cryptogamic 
and gymnospermous flora, and to a predominance of reptile life. 
But we now learn that there is no incompatibility in the co-exist- 
cnco of a vegetation like that of the present globe, and some of the 
most remarkable forms of the extinct reptiles of the age of gymno- 
sperms. 

If the passage seem at present to be somewhat sudden from the 
flora of the liower to that of the Up^er Cretaceous period, the 
abruptness of the change will probably disappear when we are 
better acquainted with the fossil vegetation of the Lower Green- 
sand, and with that of the Gault and Upper Greensand. 

mPPURITE LIMESTONE. 

Difference between the chalk of the North and South of Europe , — 
By the aid of the three tests of relative age, namely, superposition, 
mineral character, and fossils, the geologist has been enabled to refer 
to the same Cretaceous period certain rocks in the north and south 
of Europe, which ditfer greatly both in their fossil contents and in 
their mineral composition and structure* 

If we attempt to trace the cretaceous deposits from England and 
France to the coiiiitrfes bordering the Mediterranean, we perceive, 
in the first place, that the chalk and greensand in the neighbourhood 
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of London and Paris form one great continuous mass, the Straits of 
Dover being a trifling interruption, a mere valley with chalk cliffs 
on both sides. We then observe that the main body of the chalk 
which surrounds Paris stretches from Tours to near Poitiers (seethe 

annexed map, iig. 326., in which the 
shaded part represents chalk). 

Between Poitiers and La Rochelle, 
the space marked A on the map sepa- 
rates two regions of chsilk. This space 
is occu])ied by the Oolite and certain 
other formations older than the Chalk, 
and has been supposed by M.. E. de 
Beaumont to have formed an island in 
the cretaceous sea. South of this space 
wo again meet with a formation which 
we at once recognize by its mineral 
character to be chalk, although there 
are some places where the rock becomes 
oolitic. The fossils are, upon the whole, 
very similar ; especially certain species 
of the genera Spatantjus, Ananchytes^ 
CidariteSy Nucula, Ostredy GryphtBa 
{Exogyrd)y Vecteiiy Playiostoma (Zrzwia), 
Trigoniay Catillus {^Inoceranius^y and 
2'erebratulaJ'^ But AmmonlteSy as M. 
d’Archiac observes, of which so many species are met with in the 
chalk of the north of France, are scarcely ever found in the southern 
region ; while the genera IlamilCy Turrilite, and ScaphitCy and per- 
haps BelernnitCy are entirely wanting. 

On the other hand, certain forms are common in the south which 
are rarely or wholly unknown in the north of France. Among these 
may be mentioned many Jlippurites, SphceniUteSy and other mem- 
bers of that great family of mollusca called Iludistes by Lamarck, to 
which nothing analogous h&s been discovered in the living creation, 
but which is quite characteristic of rocks of the Cretaceous era in 
the south of Franco, Spain, Sicily, Greece, and other countries 
bordering the Mediterranean. 

TJio species culled Jlippurites organisans 329.) is more abun- 
dant than any other in the south of Europe ; and the geologist 
should make himself well acquainted with the cast dy which is far 
more common in many compact marbles of the Upper Cretaceous 
period than the shell itself, this having often wholly disappeared. 
The flutings, or smooth, rounded longitudinal ribs, representing the 
form of the interior, are wholly unlike the Hippurite itself, and in 
some individuals attain a great size and length. 

Between the region of chalk last mentioned, in which Perigueux 

* D’Arcliiac. Sur la Form. Cretaceo du S.-0. do la France, Mem. de la Soc. 
Gcol. do France, tom. ii. 
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is situated, and the Pyrenees, the space B intervenes. (See Map, 
hg. 32G.). Here the tertiary strata cover, and for the most part con- 
ceal, the cretaceous rocks, except in some spots where they have 


Fig. 327. 


a 



a. 

b. 


liadwliteit radioxa, D’Orb. 
upiHT valve of same. 
White chalk of France. 


Fig. 328. 



Jlndiolitcx foltacnts^ D’Orb. 
Syij. Sphirrulites agarici- 
forntis. lilainv. 
White clialk of France. 


Fig. 329. 



Hippurifes organfsans, Desmoulins. 

Upper chalk ; — ch.ilk marl of Pyrenees ? * 
a. young indiviilunl ; when full grown they occur in groups adhering 
laterally to each other. 

b. upper side of the upper valve, showing a reticulated striirtiirc In 

these parts, b, where the external coating in worn off. 

c. upper 01 . d or opening ot the lower ami cylindrical valve. 

d. cast of the interior of the lower conical valve. 


heeii laid open by the denudation of the newer formations. In these 
Iilaces they aro seen still preserving the form of a white chalky rock, 
which is charged in part with grains of greensand. Even as far 
south as Tercis, on the Adour, near Dax, cretaceous rocks retain 
this character. I examined them in 1828, and M. Grateloup found 
in them Ananchytes ovata (fig. 287. p. 323.), and other fossils of the 
Buglish chalk, together with Hipfurites. 

B'Orbigny’s Faleontologie Fraii 9 aisc, FI. 533. 
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CRETACEOUS ROCKS IN THE UNITED STATES. 

If we pass to the American continent, we find in the State of Now 
Jersey a scries of sandy and argillaceous beds wholly unlike our 
Upper Cretaceous system ; which we can, nevertheless, recognize as 
referable, palaeontologically, to the same division. 

That they were about the same age generally as the European 
chalk and greensand, was the conclusion to which Dr. Morton and 
Mr. Conrad came after their investigation of the fossils in 1834. 
The strata consist chiefly of greensand and green marl, with an over- 
lying coralline limestone of a pale yellow colour, and the fossils, on 
the whole, agree most nearly with those of the upper European 
series, from the Macstriclit beds to the gault inclusive. I collected 
sixty shells from the New Jersey deposits in 1841, five of which 
were identical with European species — Ostrea larva, O. vesicularis^ 
Gryphfca costata^ Pecten qumque-costatus . Belemnites mucronatus. 
As some of these have the greatest vertical range in Europe, they 
might be expected more than any others to recur in distant parts of 
the globe. Even where the species were different, the generic forms, 
such as the Baculito and -certain sections of Ammonites, as also the 
Inoceramus (see above, fig. 308. p. 325.) and other bivalves, have a 
decidedly cretaceous aspect. Fifteen out of the sixty shells above al- 
luded to were regarded by Professor Forbes as good geographical re- 
presentatives of well-known cretaceous fossils of Europe. The cor- 
respondence, therefore, is not small, when we reflect that tho part of 
the United States where these strata occur is between 3000 and 4000 
miles distant from the chalk of Central and Northern Europe, and 
that there is a difference of ten degrees in the latitude of the places 
compared on opposite sides of the Atlantic.* • 

Fish of the genera LamnOy GaleuSy and Carcharodon ar§ common 
to New Jersey and the European cretaceous rocks. So also is the 
genus Mosnsaunis among reptiles. The vertebra of a Plesiosaurus, 
a reptile known in the English chalk, had often been cited on tho 
authority of Dr. Harlan as occurring in the cretaceous marl, at 
Mullica Hill, in New Jersey, But Dr. Leidy has since shown that 
tlie bone in question is not saurian but cetaceous, and whether it can 
truly lay claim to the high antiquity assigned to it, is a point still 
open to discussion. The discovery of another mammal of the seal 
tribe {Stenorhynchus veins, Leidy), from a lower bed in the creta- 
ceous series in New Jersey, appears to rest on better evidence. f 

* See a paper by the Author, Quart, dclpbia on which this new genus was 
Journ. Gcul. Soc., vol. i. p. 79. founded, and afterwards, with the aid of 

t In the Principles of Geology, ninth Mr. Conrad, traced one of them to a 
cd. p. 145., I cited Dr. I-«idy of Phi- Af/weneraiirl pit in Cumberland County, 
ladclphia as having described (Pro- New Jersey. The other (the Plesiosaurus 
ceedings of Acad. Nat. Scl Philad., Harlan), labelled “Mullica Hill ” in 
1851) two species of cctocca of a new the Museum, would no doubt he nn upper 
genus which he called Priscodelphinus, crciaceous fossil, if rcully derived from 
from the greensand of New Jersey. In that locality, but its miricnil condition 
1853, 1 saw the two vertebne at Phila- makes the point rather doubtful. The 
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From New Jersey the cretaceous rocks extend southwards to 
North Carolina and Greorgia, cropping out at intervals from beneath 
the tertiary strata, between the Appalachian Mountains and the 
Atlantic. They then sweep round tlfe southern extremity of that 
chain, in Alabama and Mississippi, and stretch northwards again to 
Tennessee and Kentucky. They have also been traced far up the 
valley of the Missouri, as far north as lat. 48®, or to Fort Mandan ; 
.so that already tlie area which they are ascertained to occupy in 
North America may perhaps equal their extent in Europe, and 
exceeds that of any otlier fossiliforous formation in the United 
States. So little do they resemble mincralogically the European 
white chalk, that in North America, limestone is upon the whole an 
exception to the rule ; and, even in Alabama, where I saw a calca- 
reous member of this group, composed of marl -stone, it was more 
like the English and French Lias than any other European secondary 
d(»posit. 

At the base of the system in Alabama, I found dense masses of 
shingle, perfectly loose and unconsolidated, derived from the waste of 
])alaiozoic (or carboniferous) rocks, a mass in no way distinguishable, 
except by its position, from ordinary alluvium, but covered with 
marls abounding in Inocorami. 

In Texas, according to F. Rumor, the chalk assumes a new litho- 
logical type, a large portion of it consisting ef hard siliceous limo- 
wStone, but the organic remains leave no doubt in regard to its age, 
\\\Q Bacylites anceps and 10 other European species occurring there. 
Fossil idants from New Jersey, and others, obtained from the creta- 
ceous rocks by Messrs. JMeek and Hayden in Nebraska, include, 
according to J)r. Newbei'ry, many genera of dicotyledonous angio- 
sperms in the* same way as does the flora df Aix-la-Chapelle, above 
described, p. 333. 

In South America the cretaceous strata have been discovered in 
Columbia, as at llogota and elsewhere, containing Ammonites, Ha- 
niites, Inocerami, and other characteristic shells.* 

In the south of India, also, at Pondicherry, Verdachellum, and 
Trinconopoly, Messrs. Kaye and Egerton have collected fossils be- 
longing to the cretaceous system. Taken in connection with those 
from the United States, they prove, says Prof. E. Forbes, that those 
])Owerful causes which stamped a peculiar character on the forms of 
marine animal life at this period, exerted tlieir full intensity through 
the Indian, European, and American scas.f Here, as in Nortli and 


tooth of Sfenorhyrtchns veins figured by 
L(‘itly from a drawing of Conrad’s 
(Proceed, of Acad. Nat, Sei. Philnd.. 
18.53, p. 377.), was found by Samuel R. 
■VV«‘therill, E^q.^in the greensand Uniile 
soiub'cnst of Rurlington. This gentlc- 
m.'ui related to me and Mr. Conrad, in 
18.5.S, the circumstances under whicii he 
met with it, associated with Ammonites 


placenta. Ammonites Belawarensis, Tri~ 
gonia thoracica, c^c. The tooth hos 
been mislaid, but not until it had excited 
much interest and had been carefully 
exarnineil bv good zoologists 

* Proceedings of the Gcol. Soc., Yol. i v. 
p. 391. 

t See Forbes, Quan. Gcol. Jouiii., vol 
i. p. 79. 
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South America, the cretaceous character can be recognized even 
wliere there is no specific identity in the fossils t and the same may 
be said of the organic type of those rocks in Europe and India which 
occur next to the chalk in tne ascending and descending order, 
namely, the Eocene and the Oolitic. 
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CHAPTER XVIII. 

LOWER CRETACEOUS AND WEALDEN l OUMATIONS. 

Lower Greensand — Terra “Ncocomian*' — Atherficld section, Isit of Wight — 
Fossils of Lower Greensand - Faljcontologiral relations of the Upper and l^ower 
Cretaceous strata — Wcalden Formation — Freshwater strata intercalated between 
two marine groups — Weald Clay and Hastings Sand— Tunbridge rocks — Fossil 
shells, fish, and plants of Wcalden— Their relation to the Cretaceous type — 
Geographical extent of Wealdeii' --Movements in the earth’s crust to which the 
Wcalden owed its origin and submergence. 

The term “ Lower Greensand ” has hitherto been most commonly 
applied to such portions of the Crctticeous series as are older tliaii 
the Gault. Rut the name has often been complained of as incon- 
venient, and not without reason, since greei^ particles are wanting 
in a large part of the strata so designated, even in England, and 
wholly so in some European countries. Moreover, a subdivision of 
the Upper Cretaceous group has likewise been called Greensand, anti 
to prevent confusion the terms Upper and Lower Greensand were 
introduced. Such a nomenclature naturally leads the uninitiated 
to suppose that the two formations so named are of somewhat co-or- 
dinate value, which is so far from being true, that the Lower Green- 
sand, in its widest acceptation, embraces a scries nearly as important 
as the whole Upper Cretaceous group, from the Gault to the Maes- 
tricht beds iuclusive ; while the Upper Greensand is but one subor- 
dinate member of this same group. Many eminent geologists have, 
therefore, proposed the term “ Neocomian ” as a substitute for Lower 
Greensand ; because, near Neufehatel (Neocomum), in Switzerland, 
these Lower Greensand strata are well developed, entering largely 
into the structure of the Jura mountains. Hy the same geologists 
the Wealdeii beds are usually classed as “ Lower Neocomian,” a 
classificiation which will not appear inappropriate ivlien we have 
explained, in the sequel, the intimate relation of the Lower Greensand 
and Wealdeii fossils. 

Dr. Fitton, to whom we are indebted for an excellent monograph 
on the Lower Cretaceous (or Greensand) formation as developed in 
England, gives the following as the succession of rocks seen in parts 
of Kent. 

No. 1. Sand, white, yellowish, or ferruginous, with concretion 

of limestone and chert - - - • - 70 feet. 

2. Sand with green matter - - - - - ^0 to 100 feet. 

3 . Calcareous stone, called Kentish rag - - 60 to 80 feet. 

z2 
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la Ills detailed description of the fine section displayed at Ather- 
ficld, in the south of tlie Isle of Wight, wc find the limestone wholly 
wanting; in fact, the variations in the mineral composition of this 
group, even in contiguous districts, is very great ; and on comparing 
the Atherfield beds with corresponding strata at Hythe in Kent, 
distant 95 miles, the whole series presents a most dissimilar aspect.* 

On the other hand, Professor E. Forbes has shown that when the 
sixty-three strata at Atherfield arc severally examined, the total 
thickness of which he gives as 843 feet, there arc some fossils which 
range through the whole series, others which are peculiar to parti- 
cular divisions. As a proof that all belong chronologically to one 
system, he states that whenever similar conditions are repeated in 
overlying strata the same sp(icics reappear. Changes of depth, or 
of the mineral nature of the sea-bottom, the presence or absence of 
lime or of peroxide of iron, the occurrence of a muddy, or a sandy, 
or a gravelly bottom, are marked by the banishment of certain species 
and the predominance of others. But these difference.^ of conditions 
being mineral, chemical, and local in their nature, have nothing to 
do with the extinction, throughout a large area, of certain animals 
or plants. The rule laid down by this eminent naturalist for ena- 
bling us to test the arrival of a new state of things in the animate 
world, is the representation by new and different species of corre- 
sponding genera of mollusca or other beings. When the forms proper 
to loose sand or soft clay, or to a stony or calcareous bottom, or to a 
moderate or great depth of water, recur with all the same species, 
the interval of time has been, geologically speaking, small, however 
dense the mass of matter accumulated. But if, the genera remaining 
the same, the species arc changed, we have entered upon a new 
period ; and no similarity of climate, or of geographical and local 
conditions, can then recall the old species which a long series of 
destructive causes in the animate and inanimate world has gradually 
annihilated. On passing from the Lower GrcMuisand to the Gault, 
we suddenly reach one of these new epochs, scarcely any of the 
fossil species being common to the lower and upper cretaceous sys- 
tems, a break in the chain implying no doubt many missing links 
in the scries of geological monuments, which wo may some day be 
able to supply. 

One of the largest and most abund«ant shells in the lowest strata 
of the Lower Greensand, as displayed in the Atherfield section, is 
the large Verna Mulletiy of which a reduced figure is here given 
(fig. 330.). 

In the south of England, during tho accumulation of the Lower 
Greensand above described, the bod of the sea appears to have been 
continually sinking, from the commencement of the period when the 
freshwater Wealden beds were submerged, to the deposition of those 
strata on Avhich the gault immediately reposes. 

♦ Dr. Fitton, Qiialf. Geol. Jonr., aide table showing the vertical range of 
vol. i. p. 179*» >>. P- S-'i-'. and iii. p. 289., the various fossils of the Lower Green- 
whero coiiiparciCiv^ sections and a vaiu- sand at Atherfield are given. 
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Pebbles of quartzoae sandstone, jasper, and Hiiitj slate, together 
with grains of chlorite and mica, speak plainlj of the nature of the 

Fig. 330. 



Perna Mullr/i. Desh. and Ix'ym. 
a. exterior. b, part of hinge ol‘ upper valve. 


l)rc-oxisting rocks, from the wearing down of wliich the Greensand 
beds were derived. The land, consisting of such rocks, was doubt- 
less submerged before the origin of the white chalk, a deposit which 
originated in a more epeii sea, and in clearer waters. 

The fossils of the Lower Cretaceous are for the most 2 >art speci- 
fically distinct from those of the Upper Cretaceous strata. 

Among the former we often meet with the genus Scaphites or 


Fig. 331. 


Fig. 332. 




Nautilus plicatfis, Snw., In 
Fittou’a Monog., 


Ancjfloceras gigaSf D’Orb. 


Ancyloceras (fig. 331.), which has been aptly described as an ammo- 
nite more or less uncoiled ; also a furrowed Nautilus^ N. plicatus 
(fig. 332.), Trigonia caudata (fig. 334.), likewise found in the Black- 
down beds (see above, p. 329.), and Gervilliay a bivalve genus allied to 
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Avicula ; also the remarkable shell Diceras Lonsdalii^ eminently cha- 
racteristic of the ferruginous beds of the Lower Greensand in Wilts. 


Fig. 333. Fig. 334. Fig. 335. 



Gervillia anceps^ Desh. 
1.0 w«r Greensand. 


Trifionim caudata^ Agass. 
Lower Greensand. 


Terebratnla tella^ 
Sow. Lower 
GreenscUid. 


This genus is closely allied to Charna^ and the cast of tlie interior 
has been compared to the horns of a goat. The same shell has been 
referred by some authors to Caprotina^ and by others to Itequienia, 


Fig. 3.%. 



Diceras Lonsdatii. Lower Grreniand, \V<Us. 
a. the bivalve shell. b. cast of the same. 

Pal€contoloqical relation of the Zipper and Lower 'Cretaceous 
Rocks, — Professor Ramsay has deduced from an analysis of tables 
drawn up by Mr. Etheridge of the fossils of the Cretaceous scries of 
Great Britain the following conclusions : — First, that a great num- 
ber of species are common to the different subdivisions of the Up- 
per Cretaceous group, such as the Gault, Upper Greensand, White 
Chalk, &c. 

Secondly, that there is a great break between the Lower and 
Upper Cretaceous series, for of 280 species of all kinds of animal 
remains known in the Lower Cretaceous, 233 are peculiar, and 51, 
or only about 18 per cent., pass fror the Lower Greensand to the 
Gault and overlying strata. 

The same geologist adds, ‘‘ This break and disappearance of so 
many species in succession is accompanied by a stratigraphical break 
as well; for round the Weald it is known that in some of the very 
few exposures of junctions the Guult has been seen lying on eroded 
surfaces of Lower Greensand, while in the western and middle parts 
of England, on the west and north of the great chalk escarpment, 
the frequent and sudden overlaps of the Lower Greensand by the 
Gault leave no doubt that the upper formation lies actually uucon- 
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formablj on the lower, and the time occupied by the denudation haa 
been with us unrepresented by any stratified formation.”* Yet, 
while there is so much difference between the organic remains of the 
.Upper and Lower Cretaceous rocks, the Cretaceous series, palaeon- 
tologically considered, forma an independent whole, having scarcely 
any species in common with the Oolitic series which preceded it, or 
with the Eocene which followed. Thus, by referring to the tables 
above mentioned, we observe that 521 species are enumerated as 
known in the Upper Chalk of England, all of which, with the ex- 
ception of Terebratula caput-serpentis, and a few Foraminifera, had 
become extinct before the beginning of the Eocene epoch, as repre- • 
sented by the Thanct sands. 

On the otlier hand, when the lowest marine strata or Athcrfield 
beds of the Cretaceous series are compared with the marine forma- 
tions of the Upper Oolite, we find that no British species pass from 
one to the other, and we know that this change in the organic world 
coincides in date with that enormous lapse of time during which the 
freshwater formations of the Wealden and Purbeck, more than 1500 
feet in thickness, were deposited. 

WEALDEN FORMATION. 

Beneath the Lower Greensand in the S.E. of England, a fresh- 
water formation is found, called the Wealden (see Nos. 5 and (>, 
Map, fig. 355. p. 356.), which, although it occupies a small horizontal 
area in Europe, as compared to the White Chalk and Greensand, is 
nevertheless of great geological interest, since the embedded remains 
give us some insight into the nature of the terrestrial fauna and 
flora of the Lower Cretaceous epoch. The name of Wealden was 
given to this group because it was first studied in parts of Kent, 
Surrey, and Sussex, called the Weald (see Map, p. 356.) ; and we are 
indebted to Dr. Man tell for having shown, in 1822, in liis “ Geology 
of Sussex,” that the whole group was of fluviatile origin. In proof 
of this lie called attention to the entire absence of Ammonites, Be- 
lemnites, Terebratulae, Echinites, Corals, and other marine fossils, 
so characteristic of the Cretaceous rocks above, and of the Oolitic 
strata below, and to the presence in the Weald of Paludinse, Mclanim, 
and various fluviatile shells, as well as the bones of terrestrial reptiles 
and the trunks and leaves of land-plants. 

The evidence of so unexpected a fact as the infra-position of a 
dense mass of purely freshwater origin to a deep-sea dd{)osit (a phe- 
nomenon with which we have since become familiar) was received, 
at first, with no small doubt and incredulity. But the relative po- 
sition of the beds is unequivocal ; the Weald Clay being distinctly 
seen to pass beneath the Lower Greensand in various parts of Surrey, 
Kent, and Sussex, and to reappear in the Isle of Wight at the base 
of the Cretaceous series, being, no doubt, continuous far beneath the 

* Ramsay, Anniversary Address, Gool. Quart. Joum., vol. xx. p. 58. 
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surface, as indicated by the dotted lines in the annexed diagram, 
‘ig. 337. 


Fig. 337. 

Isle of Wight. Hants. Sussex. 



Tlie Wcalden is divisible into two minor groups : — 

Greatest 

kiioun 

thickness. 

1st. Wcalil Clay — blue and brown clay and shale, sometimes including 

til ill beds of sand and shelly limestone with Paludina - - GOO ft. 

2d. Hastings Sand — chiefly arenaceous, but in which occur some clays 

and calcareous grits ♦ - - - - - - 740 ft. 

Anotlior freshwater formation, called the I^urbecl:, consisting of 
various limestones and marls, containing distinct species of molluscs, 
Cfjprides^ and other fossils, lies immediately beneath the Wealdeii in 
tlie south-east of England. As it is now found to be moio n(*jirly 
related, by its organic remains, to the Oolitic than to the Cretaceous 
Series, it will be treated of in tlie twentieth chapter. 


Weald Clay. 

The upper division, or Weald Clay, is of purely freshwater origin. 
Its highest beds are not only conformable, as Dr. Fitton observes, 
to the inferior strata of the Lower Greensand, but of similar 
mineral composition. To explain this, we may suppose, that, as the 
delta of a great river was tranquilly subsiding, so as to allow the 
sea to encroach upon the space previously occupied by fresh water, 
tlie river still continued to carry down the same sediment into the 
sea. Ill conlirmation of this view it may he stated, that the remains 
of the Tguanodon Mante.Ui^ a gigantic terrestrial reptile, very 
characteristic of the Wcalden, has been discovered near Maidstone, 
in the overlying Kentish rag, or marine limestone of the Lower 
Greensand. Hence wc may inter, that some of the saurians wliich 
inhabited the country of the gre t river continued to live when 
])art of the country had become submerged beneath the sea. Thus, 
in our owu times, we may suppose the bones of large alligators to 
he frequently entombed in recent freshwater strata in the delta of 
the Ganges. But if part of that delta should sink down so as to 
he covered by the sea, marine founations might begin to accumulate 
in the same space where freshwater beds had previousily been 
formed ; and yet tlie Ganges might still pour down its turbid 
waters in the same direction, and carry seaward the carcases of the 

* Dr. FittOD, Guul. Trims., Second Scries, vol. iv. p. 320. 
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same species of alligator, in which case their bones might be in- 
cluded in marine as well as in subjacent freshwater strata. 

The Iguanodon, first discovered by Dr. Mantell, has left more of 
its remains in tlie Wealden strata of the south-eastern counties and 
Isle of Wight than has any other genus of associated saurians. It 
was an herbivorous reptihj, and regarded by Cuvier as more extra- 
ordinary than any with which he was acquainted ; for the teeth, 
though bearing a great analogy, in their general form and crenated 
edges (see figs. 338. a., 338. 5.), to the modern Iguanas which now 
frequent the tropical woods of America and the West Indies, ex- 
hibit many striking and important difFerencos. It appears that,tJiey 
have often been worn by the process of mastication ; whereas the 
existing herbivorous reptiles clip and gnaw off the vegetable pro- 
ductions on which they feed, but do not chew them. Their teeth 
frequently priisent an appearance of having been chipped off, but 
never, like the fossil teeth of the Iguanodon, have a flat ground 
surface (see fig. 339. A), resembling the grinders of herbivorous 


Fig. 338. 


Fig. 339. 



Fig. 33H. a, b. tooth of Igunnotlon MauUlh. 

339. n. purli.illy worn tooth ol yoiiiiK iiiillvidu.il oftho same, 
b. crowu of tooth in adult, i^orn down. (Maniull.) 





mammalia. Dr. Mantell computes that the teeth and bones of this 
species which passed under his examination during twenty yeans 
must have belonged to no less than seventy -one distinct individuals, 
varying in age and magnitude from the reptile just burst from the 
egg, to one of which the femur measured twenty-four inches in 
circumference. Yet, notwithstanding that the teeth were more 
numerous than any other bones, it is remarkable that it was not 
until the relics of all these individuals had been found, that a soli- 
tary example of part of a jawbone was obtained. More recently 
remains both of the upper and lower jaw have been met with in the 
Hastings beds in Tilgate Forest. Their size was somewhat greater 
than had been anticipated, and Dr. Muiitell, who does not agree with 
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Professor Owen that the tail was short, estimates the probable 
length of some of these saurians at between .50 and 60 feet. 
The largest femur yet found measures 4 feet 8 inches in length, 
the circumference of the shaft being 25 inches, and if measured 
round the condyles, 42 inches. • 

Occasionally bands of limestone, called Sussex Marble, occur 
in the Wcsild Clay, almost entirely composed of a species of 
Paluditta, closely resembling the common F. vivipara of English 
rivers. 

Shells of the Cypris^ a genus of Crustaceans before mentioned 
(p. 31.) as abounding in lakes and ponds, are also plentifully scat- 
tered through the clays of the Wealden, sometimes producing, like 
plates of mica, a thin lamination (see fig. 342.). Similar cypris- 
bearing marls are found in the lacustrine tertiary beds of Auvergne 
(see above, p, 222.). 


Fig. 340. Fig. 311. Fig. 342. 



Cypris Cyprii Valtfrnsis, Fitton. Weald clay with Cypridci. 

MptHfficra, Mil). Con. 485.) 

Futon. 


Hastings Sands, 

This lower division of the Wealden consists of sand, sandstone, 
calciferous grit, clay, and shale ; the argillaceous strata, notwith- 
standing tJie name, predominating somewhat over the arenaceous, 
as will be seen by reference to the following section, drawn up by 
Messrs. Drew and Foster, of the Government Survey of Great 
Britain : — 


Names of Snbo'dinate Mineral Composition 


Formations. 

Tunbridge Wells 
Sand 

Wadhurst Clay - 

Hastings Sand. J 

Ashdown Sand - 
Ashburnham Beds 


of tile Strata. 

I Sandstone and loam - 

Blue and brown shale and 
clay with a little calc-grit - 

f Hard sand with some beds of 
I calc-grit - - - - 

( Mottled white and red clay 
with some sandstone 


Thicknoas 
m Fool. 

- 150 

- 100 

- 160 
- 330 


The picturesque scenery of the “ High Rocks ” and other places 
in the neighbourhood of Tunbridge is caused by the steep natural 
cliffs, to which a hard bed of whito sand, occurring in the upper 
part of the Tunbridge Wells Sand, mentioned in the above table, 
gives rise. Mr. Drew found this bed of “rock-sand” to vary in 
thickness from 25 to 48 feet. Large masses of it, which were by 
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uo means hard or capable of making a good building-stone, form, 
nevertheless, projecting rocks with perpendicular faces, and re- 
sist tlie degrading action of the river because, s^s Mr. Drew, they 
present a solid mass without planes of division.* The calcareous 
sandstone and grit of Tilgate Forest, near Cuckfield, in ^which 
the remains of the Iguanodon and Hylacosaurus were first found 
by Dr. Mantell, constitute an upper member of the Tunbridge Wells 
Sand, while the “sand-rock” of the Hostings cliffs, about 100 
feet thick, is one of the lower members of the same. The rep- 
tiles, which are very abundant in this division, consist partly of 
saurians, referred by Owen and Mantell to eight genera, among 
which, besides those already enumerated, we find the Megalosau- 
rus and Plesiosaurus. The Pterodactyl also, a flying reptile, is met 
with in the same strata, and many remains of Cholonians of the 
genera Trionyx and Emys^ now confined to tropical regions. 

The fishes of the Wealden arc chiefly referable to the Ganoid and 
Placoid orders. Among them the teeth and scales of Lepidotus are 
most widely diffused (see fig. 343.). These ganoids were allied to 


Vig. 343. 



Lepidotus Mantdlit Ag.iBR. Wealden. 
ii. palate and teeth. 6. side view of teeth. e. scale. 


the Lepidostens, or Gar-pike, of the American rivers. The whole 
body was covered with large rhomboidal scales, very thick, and 
having the exposed part coated with enamel. Most of the species 
of this genus are supposed to have bec^ either river-fish, or inha- 
bitants of the sea at the mouth of estuaries. 

The shells of the Hastings beds belong to the genera MelanopsiSy 
Melania, Paludina, Cyrena, Cyclas, Unio (see fig. 344.), and otlu'rs, 
which inhabit rivers or lakes ; but one band has been found at 
Punfield, in Dorsetshire, indicating a brackish state of the water, 
where the genera Corhula (see fig. 345.), Mytilus, and Ostrea occur ; 
and in some places this bed becomes purely marine, the species 
being for the most part peculiar, but several of them well-known 
Lower Greensand fossils, among which Ammonites Deshayesii may 
be mentioned. These facts show how closely related were the faunas 
of the Wealden and Cretaceous periods. 

At different heights in the Ilastings Sand, we find again and 


Quart. Gcol. Journ., 1861, vol. xvii. p. 274. 
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Fig. 345. 



Corhula alata^ Fitton. Macniflfd. 
lu brackish-water bods or the Hustings 
■Sands, Puulield Bay. 


Vnio VtxhlenaU^ Mant. 

Isle of Wight and Dorsetshire ; in the lower beds 
of the Hustings Sands. 


slabs of sandstone with a strong ripple-mark, and between 
these slabs beds of clay many yards thick. In some places, as at 
Stammerh«T,m, near Horsham, there are indications of this clay 
having been exposed so as to dry and crack before the next layer 
was thrown down upon it. The open cracks in the clay have 
served as moulds, of which casts have btsen taken in relief, and 
which are, therefore, seen on the lower surface of the sandstone 
(see lig. 346.). 


Fig. 346. 



Undcibide of blub of Mndstom* about one yard in diameter. 
Stan merham, Susbcx. 


Near the same place a reddish sandstone occurs in which are in- 
numerable traces of a fossil vegetable, apparently Sphenopteris^ the 
stems and branches of which arc disposed as if the plants were 
standing erect on the spot where they originally grew, the sand 
having been gently deposited upon and around them ; and similar 
appearances have been remarked in other places in this formation.* 
In the same division also of the Wcalden, at Cucklleld, is a bed 
of gravel or conglomerate, consisting of water-worn pebbles ot 

• Mantcll, Geol. of S. E. of England, p. 244. 
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quartz and jaspor, with rolled bones of reptiles. These must 
have been drifted by a current, probably in water of no great depth. 

From such facts we may infer that, 
notwithstanding the great thickness of 
tills division of the Wealden, the whole 
of it was a deposit in water of a mo- 
derate depth, and often extremely 
shallow. This idea may seem startling 
at first, yet such would be the natural 
consequence of a gradual and con- 
tinuous sinking of the ground in an 

estuary or bay, into which a great river oom tw 

discharged its turbid waters. By each Hsi^tinsfs samis m ar Tuubr dRc weiis. 
foot of subsidcnco, the fundamental M-mou of the same magn. tied, 

rock would b(i depressed one foot farther from the surface ; but 
the bay w'ould not be deepened, if newly deposited mud and sand 
should raise the bottom one foot. On the contrary, such new strata 
of sand and mud might be frequently laid dry at low water, or 
overgrown for a season by a vegetation proper to marshes. 

Aren of the Wcahlen.—ln rcigard to the geographical extent of 
the Wealden, it cannot bo accurately laid down ; because so much 
of it is concealed beneath the newer marine formations. It has been 
traced about 200 Knglish miles from west to ('ast, from the coast of 
Dorsetshire to near Boulogne, in France ; and nearly 200 miles from 
north-west to south-east, from Surrey and Hampshire to Beauvais, 
in France. If the formation be continuous throughout this sjiaco, 
which is very doubtful, it does not follow that the whole was con- 
temporaneous ; because, in all likelihood, the physical geography of 
the region underwent frequent changes throughout the whole period, 
and the estuary may have altered its form, and even shifted its 
place. Dr. Dunker, of Cassel, and H. von Meyer, in an excellent 
monograph on the Wealdeiis of Hanover and .Westphalia, have 
shown that they correspond so closely, not only in their fossils, but 
also in tfieir mineral characters, with the English series, that we 
can scarcely hesitate to refer the whole to one great delta. Even 
then, the magnitude of the deposit may not exceed that of many 
modern rivers. Thus, the delta of the (^iiorra or Niger, in Africa, 
stretches into the interior for more than 170 miles, and occupies, it 
is supposed, a space of more than 300 miles along tho coast, thus 
Ibrming a surface of more than 2»5,000 square miles, or equal to 
about one half of England.* Besides, wo know not, in such cases, 
how fiir the fluviatilp sediment and organic remains of the river and 
the land may be carried out from the coast, and spread over the bed 
of tho sea. I have shown, when trccating of the Mississippi, that a 
more ancient delta, including species of shells, such as now inhabit 
Louisiana, has been upraised, and made to occupy a wide geogra- 
phical area, while a newer delta is forming ;t and the possibility of 

* Fitton, Geol. of Jlsistings, p. 53., who rites Tianilcr’s Travels. 

t See above, p. 84. ; and Second Visit lu the U.S.,vol. ii. ebap. xx.\iv. 
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such movements, and their effects, must not be lost sight of when 
we speculate on the origin of the Wealden. 

If it ll^e asked where the continent was placed from the ruins 
of which the Wealden strata were derived, and by the drainage 
of which a great river was fed, we are half tempted to speculate 
on the former existence of the Atlantis of Plato. The story of the 
submergence of an ancient continent, however fabulous in history, 
must have been true again and again as a geological event. 

The real difficulty consists in the persistence of a large hydro- 
graphical basin, from whence a great body of fresh water was poured 
into the sea, precisely at a period when the neighbouring area of the 
Wealden was gradually going downwards 1000 feet or more perpen- 
dicularly. If the adjoining laud participated in the movement, how 
could it escape being submerged, or how could it retain its size and 
altitude so as to continue to be the source of such an inexhaustible 
su])ply of fresh water and sediment ? In answer to this question, 
we are fairly entitled to suggest that the neighbouring land may 
have been stationary, or may even have undergone a contempora- 
neous slow upheaval. There may have been an ascending movement 
ill one region, and a descending one in a contiguous parallel zone of 
country ; just as the northern part of Scandinavia is now rising, 
while the middle portion (that south of Stockholm) is unmoved, and 
the southern extremity in Scania is sinking, or at least has sunk 
within the historical period.* We must, nevertheless, conclude, if 
we adopt the above hypothesis, that the depression of the land be- 
came general throughout a large part of Europe at the close of the 
Wealden period, and this subsidence brought in the cretaceous 
ocean. 

The flora of the Wealden and the Lower Greensand is charac- 
terized by a great abundance of Coniferaj, Cycadeaj, and Ferris, and 
by the absence of leaves and fruits of dicotyledonous angiosperms. 
The discovery, in . 1855, in the Hastings beds of the Isle of Wight, 
of (iyrogonites, or spore-vessels of the Ohara, su])plied a link be- 
tween the secondary and tertiary flora which was previouHy want- 
ing. 

* See the Author's Annivers. Address, Geol. Sue., 1850, Quart. Gcol. Juurn., 
vol. vi. p. 52. 
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CHAPTER XIX. 

DF.NUDATION OF THE CHALK AND WEALDEN. 

riiysical geography of certain districts composed of Cretaceous and Weniden strata 
— Lines of inland chalk-cliffs on the Seine in Normandy — Outstanding pillars 
and needles of chalk— Denudation of the chalk and Wcalden in Surrey, Kent, 
and Sussex— Chalk once continuous from the North to the South T)owns — 
Anticlinal axis and parallel ridges — Longitudinal and transverse valleys — 
Chalk escarpments — Rise and denudation of the strata gradual — Ridges formed 
by harder, valleys by softer beds — At what periods the Weald Valley was 
denuded- -Why no alluviuin, or wreck of the cliulk, in the central dibtrict of the 
Weald — Successive periods of marine denudation- -The latest of these posterior 
to the Upper Miocene era — Piic])haiit bed, Brighton — Sangatte (Miff The 
great cscarjunents and transverse valleys of the chalk mainly ducj to the waves 
and tides of the sea —Paroxysmal causes unnecessary for explaining the ex- 
ternal configuration of the Wcalden. 

All the fossiliferous formations may be studied by the geologist in 
two distinct points of view ; first, in reference to their position in 
the series, their mineral character and fossils ; and, secondly, in 
regard to their physical geography, or the manner in which they 
now enter, as mineral masses, into the external structure of the 
earth ; forming the bed of lakes and seas, or the surface or founda- 
tion of hills and valleys, plains and table-lands. Some account has 
already been given, on the first head, of the Tertiary, the Cretaceous, 
and the Wealden strata; and we may now proceed to consider cer- 
tain features in the physical geography of these groups as they occur 
in parts of England and France. 

The hills composed of white chalk in the S.E. of England have a 
smooth rounded outline, and, being usually in tho state of sheep- 
pastures, are free from trees or hedgerows ; so that wc have an op- 
portunity of observing how the valleys by which they are drained 
ramify in all directions, and become wider and deeper as they descend. 
Although these valleys are now for tho most part dry, except during 
heavy rains and the melting of snow, they may have been due to 
aqueous denudation, as explained in tho sixth chapter; liaving been 
excavated when the chalk emerged gradually from the sea. This 
opinion is confirmed by tho occa.sional occurrence of what ajipear to 
be long lines of inland cliffs, in which the strata are cut off abruptly 
in steep and often vertical precipices. The true nature of such 
escarpments is nowhere more obvious than in parts of Xormaiidy, 
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where the river Seine and its tributaries flow through deep winding 
valleys, hollowed out of chalk horizontally stratiflcd. Thus, for 
example, if wo follow the Seine for a distance of about 30 miles 
from Andelys to Elboeuf, wo And the valley flanked on both sides 
by a steep slope of chalk, with numerous beds flint, the formation 
being laid open for a thickness of about 250 and 300 feet. Above 
the filial k is an overlying mass of sand, gravel, and clay, from 30 to 
100 feet thick. The two opposite slopes of the hills a and 5, fig. 348., 


Fig. 348. 



where the chalk appears at the surface, are from 2 to 4 miles apart, 
and they are often porfi'ctly smooth and even, like the steepest of 
our downs in England ; but at many points they are broken by one, 
two, or more ranges of vertical and even overhanging clifls of bare 
white chalk with flints. At some points detached needles and pin- 
nacles stand in the line of the clifls, or in front of them, as at c, fig 
348. On the right bank of the Seine, at Andelys, one range, about 
2 miles long, is seen varying from 50 to 100 feet in perpendicular 
height, and having its continuity broken by a nnnib(‘r of dry valleys 
or coonib*^, in one of wdiich occurs ardetaehed rock or ikhmIIc, called 
the Tete d’llommc (see figs. 340, 350.). The top of this rock pre- 


Fip 349. 



sents a precipitous face towards every point of the compass ; its 
vertical lieight being more than 20 feet on the side of the downs, 
and 40 towards the Seine, the average diameter of the pillar being 
36 feet. Its composition is the same as that of the larger cliffs in 
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Fig. 350. 



its neighbourhood, namely, white chalk, having occasionally a crys- 
talline texture like marble, with layers of flint in nodules and tabular 
masses. The flinty beds often project in relief 4 or 5 feet beyond 
the white chalk, which is generally in a state of slow decomposition, 
(‘ithcr exfoliating or being covered with white powder, like the 
(dialk cliffs on the English coast ; and, as in them, this superficial 
powd(‘r (joiitains in some places common salt. 

Other cliffs arc situated on the right bank of the Seine, opposite 
Touriiedos, bctwcHm Andelys and Pont de TArchc, where the preci- 
])iees are from 50 to 80 feet high ; several of their summits terminate 
ill ]nnnacl('s ; and one of theun, in particular, is so completely de- 
tached as to present a perpendicular face* 50 feet high towards the 
sloping down. On these cliffs several ledges arc seen, which mark 
so many levels at which the waves of the sea may bo supposed to have 
encroached for a long period. At a still greater height, immediately 
above tlie top of this range, are three much smaller clifls, each about 
4 feel high, with as many intervening terraces, which arc continued 
so as to sweep in a semicircular form round an adjoining coomb, like 
those in Sicily before described (p. 76.). 

If we then descend the river from Vattevillo to a place called 
Scnneville, we meet with a singular needle about 50 foot high, per- 
fi‘ctly isolated on the escarpment of chalk on the right bank of the 
S(Miie (sec tig. 351.). Another conspicuous range of inland cliffs is 
situated about 12 miles below on the left bank of the Seine, begin- 
ning at Elb(cuf, and comprehending the Roches d’Orival (see fig. 352.). 
Inkc those before described, it has an irregular surface, often over- 
hanging, and with beds of flint projecting several feet. Like them, 
also, it exhibits a white powdery surface, and consists entirely of 
liorizontal chalk with flints. It is 40 miles inland ; its height, in 
some parts, exceeds .200 feeft ; and its base is only a few feet above 
ili(j level of the Seine. It is broken, in one place, by a pyramidal 
mass or needle, 200 feet high, called the Roche de Pignon, which 
stands out about 25 feet in front of the upper portion of the main cliffs 

A A 
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Fig. 391. 


Fig. 392. 


r. 

Chalk ptiinaclc at Sennevillc. Rochci d'Orlval, Elbocuf. 



with which it is united by a narrow ridge about 40 feet lower than 
its summit (see fig. 353.). Like the detached rocks before mentioned 


Fig. 353. 



View of the Kocho de rignon, scon from the himth. 


at Senneville, Vattcville, and Andclys, it may be compared to those 
needles of chalk which occur on the coast of Normandy* (see fig. 
354.), as well as in the Isle of Wight and in Purbcck. 

The foregoing description and drawings will show, that the 
evidence of certain escarpment^ of the chalk having been originally 
soa-clifis, is far more full and satisfactory in France than in England. 
If it be asked why, in the interior of our own country, we meet with 
no ranges of precipices equally vertical and overhanging, and no 
isolated pillars or needles, we may reply that the greater hardness of 
the chalk in Normandy ma''^, no doubt, bo the chief cause of this 
difiercncc. But the frequent absence of all signs of littoral denuda- 

* An account of these clifls was read by the Author to the British Assoc, at 
Glasgow, IScpt. 1840. 
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Noedle and Arch of Ktrftat, In the chalk clilfs ol Numiandy. 
lIcMglit of Arch 100 feet. (Passy.)* 


tion in the valley of the Seine itself is a negative fact of a ftir more 
striking and perplexing character. The cliffs, after being almost 
continuous for inih's, are then wholly wanting ibr much greater dis- 
tances, being replac(?d by a green sloping down, although the beds 
remain of the same composition, and are equally liorizontal ; and 
although we may feel assured that the manner of the upheaval of 
the land, whether intermittent or not, must have been the same at 
those intermediate points where no cliffs exist, as at others where 
they are so fully developed. But, in order to explain such apparent 
anomalies, the read(T must ref(ir again to the theory of denudation, 
as expoundcid in the sixth chapter; where it was shown,, first, that the 
undermining force of the waves and marine currents varies greatly 
at different parts of every coast; secondly, that precipitous rocks 
have often decomposed and crumbled down ; and thirdly, that ter- 
races and small cliffs may occasionally lie concealed beneath a talus 
of detrital math^r. 

Denudation of the Weald Valley , — ^No district is better fitted to 
illustrate the manner in which a great series of strata may have been 
upheaved and gradually denuded tlian the country intervening be- 
tween the North and South Downs. This region, of which a ground- 
plan is given in the accompanying map (fig. 355.), comprises within 
it nearly all Sussex, and parts of the counties of Kent, Surrey, 
and Hampshire. The space in Avhich the formations older than the 
White Chalk, or those from the Gault to the Hastings sands inclu- 
sive, crop out, is bounded everywhere by a great escarpment of 
chalk, which is continued on the opposite side of tlie chaniH‘1 in the 
Bas Boulonnais in France, where it forms the semicircular boundary 
of a tract in which older strata also appear at the surhice. The 
Avhole of this district may therefore be considered geologically as- 
one and the same. 

The space here inclosed within the escarpment of the chalk affords 
an example of what has been sometimes called a “valley of eleva- 
tion” (more properly “of denudation”); wliere the strata, partially 
removed by aqueous excavation, dip away on all sides from a centi al 
axis. Thus, it is supposed that the area now occupied by the 

* Scinc-Infcrieure, p. 142. and Pi. 6. fig. 1. 
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Fig. 395. 



Geological Map of tho south-east of Knglancl. and part of France, exhibiting the denudation of 

the Weald. 

1. Illlllllllll Tertiary. I Weald clay. 

2. L _ i Chalk and Upper Greensand. C. L^'J Hastings sands. 

3. MMa Gault. 7. Furbrek beds. 

4. Lower Greensand. 8. Oolite. 

Hastings sand (No. 6.) was once covered by tho Weald clay (No. 5.\ 
and this again by the Greensand (No. 4.), and this by the Gault 
(No. 3.); and, lastly, that the Chalk (No. 2.) extended originally 
over the whole .space between llie North and the South Downs. This 
theory will be better understood by consulting the annex(;d diagram 
(fig. 356.), where the dark lines rc'prcsent what now remains, and the 
fainter ones those portions of rock which are believed to have been 
carried away. 

At each end of the diagram tho tertiary strata (No. 1.) arc ex- 
hibited reposing on the chalk. In the middle are seen the Hastings 
sands (No. 6.) forming an anticlinal axis, on each side of which the 
other formations are arranged with an opposite dip. It has bc(‘n 
necessary, however, in order to give a clear view of the different 
formations, to exaggerate the proportional height of each in compa- 
rison to its horizontal extent; and a true scale is therefore subjoined 
in another diagram (fig, 357.), in order to correct tho erroneous 
impression which might otherwise be made on the reader’s mind. 
In this section the distance between the North and South Dowms is 
represented to exceed forty ii*les ; for tho Valley of tho Weald is 
here intersected in its longest diameter, in the direction of a line 
between Lewes and Maidstone, 

Through the central portion, then, of the district supposed to be 
denuded runs a great anticlinal line, having a direction nearly east 
and west^ on both sides of 'v.hich tho beds 5, 4, 3, and 2 crop out in 
succession. But, although, for tho sake of rendering the physical 
structure of this region more intelligible, the central line of elevation 
has alone been introduced, as in the diagrams of Smith, Man tell, 
Conybeare, and others, geologists have always been well aware that 




numerous minor lines of dislocation and flexure run parallel to the 

"T Sfcenlrararea of the Hastings sand the strata have under- 
gone the greatest displacement; one fault being known, vrliere the 



Fig. 368. 
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vertical shift of a bed of calcareous grit is no less than 60 fathoms.* 
Much of the picturesque scenery of this district arises from the 
deptli of tJie narrow valleys and ridges to which the sharp bends and 
fractures of the strata have given rise; but it is also in part to bo 
attributed to the excavating power exerted by water, especially on 
the interstratitied argillaceous beds. 

Besides the series of longitudinal valleys and ridges in the Weald, 



* Fitton, Gcol. of Hasriiiga, p. 55. 
f Coiiybcare, Outlines of Ueol., p. 81. 


there are valleys which run in 
a transverse direction, passing 
through the chalk to the basin 
of the Thames on the one side, 
and to the English Channel 
on the other. In this manner 
tlie chain of tlie North Downs 
is broken by the rivers Wey, 
Mole, Darent, Medway, and 
Stour; the South Downs by 
the Arun, Adur, Ous(», and 
Cuckmere.t If these trails- 
v('rso hollows could bo filled 
up, all the rivers, observes Dr. 
Conybeare, would bo forced 
to take an easterly course, and 
to empty themselv(*s into the 
sea by Romney Marsh and 
Pevensey Levels. 

Mr. Martin has suggested 
^ that the great cross fractures 
^ of the chalk, which have be- 
come riv(*r-channels, have a 
remarkable correspondence on 
<‘ach side of the valley of the 
Weahl ; in several instances 
^ the gorges in the North and 
5. South Downs appearing to be 
5 directly opposed to each other. 
^ Thus, for example, the defiles 
I of the Wey in the North 
■2 Downs, and of the Arun ia 
i the South, seem to coincide 
i. in direction ; and, in like man- 

u 

^ ner, the Ouse corresponds to 
I the Darent, and the Cuckmere 
I to the Medway.J 
g Although these coincidences 
• may, perhaps, be accidental, it 
is by no means improbable, as 

1: Gcol. of Western Sussex, p. Cl. 
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hinted by the author above mentioned, that great amount of ele- 
vation towards the centre of the Weald district gave rise to trans- 
verse fissures. And as the longitudinal valleys were connected 
with that linear movement which caused the anticlinal lines running 
east and west, so the cross fissures might have been occasioned by 
the intensity of the upheaving force towards the centre of the line. 

But before treating of the manner in which the upheaving move- 
ment may have acted, 1 shall endeavour to make the reader more 
intimately acquciintcd with the leading geograpliical features of the 
district, so far as they arc of geological interest 

In whatever direction we travel from the tertiary strata of the 
basins of London and Hampshire towards the valley of the Weald, 
we first ascend a slope of white chalk, with flints, and then find 
ourselves on the summit of a declivity consisting, for the most part, 
of different members of the chalk formation ; below which the 
Upper Greensand, and sometimes, also, the Gault, crop out. This 
ste(*p declivity is the great escarpment of the chalk before mentioned, 
wliicli overhangs a valley excavated chiefly out of the argillaceous 
or marly bed, termed Gault (No. 3.). The escarpment is continuous 
along the southern termination of the North Downs, and may be 
traced from the sea, at Folkestone, westward to Guildford and the 
neighbourhood of Petersficld, and from thence to the termination of 
the South Downs at Beachy Head. In this precipice or steep slope 
th(j strata are cut off abruptly, and it is evident that they must 
originally have extended farther. ' In the wood-cut (fig. 358. p. 358.) 
part of tlje escarpment of the South Downs is faithfully represented, 
where the denudation at the base of the declivity has been some- 
what more extensive than usual, in consequence of the Upper and 
Leaver Greensand being formed of very incoherent materials, tlio 
form(;r, indeed, being cxtnuncly thin and almost wanting. 

Th(j geologist cannot Jail to recognise in this view the exact 
likeness of a sea-cliff; and if he turns and looks in an opposite 
direction, or eastwiard, towards Beachy Head (see fig. 359.), he will 



Chalk egcarpinont, .*i6 scon frorn fhe hill above Steyning, Sussex. The castic and village 
urBrjiiiber iii the foreground. 


sec the same line of heights prolonged. Even those who are not 
accustomed to speculate on the former changes which the surface has 
undergone may fancy the broad and level plain to resemble the flat 
sands which were laid dry by the receding tide, and the different 
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projecting masses of chalk to be the headlands of a coast which 
separated the different bays from each other. 

Occasionally in the North Downs sand-pipes are intersected in the 
slope of the escarpment, and have been regarded by some geologists 
as more modern tlian the slope ; in which case they might afford an 
argument against the theory of these slopes having originated as s(;a- 
cliffs or river-cliffs. But, when we obscirve the great depth of many 
sand-pipes, those near Sevenoaks, for example, we perceive that the 



lower termination of such pipes 
must sometimes appear at the 
surface far from the summit of 
an escarpment, whenever por- 
tions of the chalk are cut away. 

In regard to the transverse 
valleys before mentioned, as in- 
tersecting the chalk hills, some 
id(*a of them may be derived 
from the subjoined sketch (fig. 
360.) of the gorge of the liiver 
Adur, taken from the summit of 
the chalk-downs, at a point in 
the bridle-way leading from the 
towns of Bramber and 8ti*yning 
to Shoreham. If the reade r will 
refer again to the view givt.'ii 
in a form(»r woodcut (fig. 358. 
p. 358.), he will there see tlie 
exact point where the gorge (»f 
which 1 am now speaking in- 
terrupts ilie chalk t'scarpnient. 
A projecting hill, at the points/, 
hides the town of Steyni])g, near 
which the valley conniK'nces 
whcTc the Adur passes direetly 
to the sea at Old Slioreliani. The 
river flows through a ni arly 
level plain, as do most of tht* 
others which intersect flui hills 
of Surrey, Kent, and Sussex ; 
and it is evident that these o})en- 
ings could not have been pro- 
duced by riv(ws, except under 
conditions of physical geography 
entirely diflerent from those now 
prevailing. Indeed, many of Iho 
existing rivers, like the Ou.se 
near Lewes, have filled up arms 
of the sea, instead of deejKuiing 
the hollows which they traverse. 
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That the place of some, if not of all, the gorges running north and 
south, has been originally determined by the fracture and displace- 
ment of the rocks, seems tlie more probable, when we reflect on the 
proofs obtained of a ravine running east and west, which branches 
oflf from the eastern side of the valley of tho Ouse just mentioned, 
and which is undoubtedly due to dislocation. This ravine is called 
“ the Coomb*’ (fig. 361.), and is situated in the suburbs of the town 



Tho Coomb, near T.e«'es. 


of Lowes. It was first traced, out by Dr. Mantell, in whose com- 
pany I oxaniined it. The steep declivities on each side are covered 
with green turf, as is the bottom, which is perfectly dry. No out- 
ward signs of disturbance are visible; and the connection of the 
hollow with subterranean movements would not have been suspected 
by the geologist, had not tho evidence of great convulsions b(‘on 
clearly exposed in the escarpment of tho valley of the Ouse, and the 
nuiricroiis chalk-pits worked at the termination of the Coomb. By 
the aid of these we discover that tho ravine coincides prc'cisely with 
a lino of faiilt, on one side of which the chalk with flints (a, fig. 362.) 


Fig. 3(;2. 






Fault coinriding willi the Coomb, in the ClilT-hill near Leirci. M.intcll. 
n. Chalk with Hints. A. Lower chalk. 


appears at the summit of the hill, while it is thrown down to tho 
bottom on the other. 

In order to account for the manner in wliich the five groups of 
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Strata, 2, 3, 4, 5, 6, represented in the map, fig. 355., and in the 
section, fig. 356., may have been brought into their present position, 
the following hypothesis has been suggested : — Suppose the five 
formations to lie in horizontal stratification at the bottom of the sea ; 
then let a movement from below press them upwards into the form 
of a flattened dome, and let the crown of this dome be afterwards cut 
off, so that the incision should penetrate to the lowest of the five 
groups. The different beds would then bo exposed on the surface, 
ill tlie manner exhibited in the map, fig. 355.* 

The quantity of denudation, or removal by water, of stratified 
masses assumcid to have once reached continuously from the North 
to the South Downs is so enormous, that the reader may at first bo 
slartled by the boldness of the hypothesis. But’tlie difficulty will 
disappear when once sufficient time is allowed for the gradual rising 
and sinking of the strata at many successive geological periods, 
during which the waves and currents of the ocean, and the power of 
rain, rivers, and land-floods, might slowly accomplish operations 
which no sudd(jn diluvial rush of waters could possibly effect. 

Among other proofs of the action of water, it may be stated that 
the great longitudinal vall(;ys follow the outcrop of the softer and 
more incoherent beds, while ridges or lines of cliff usually occur at 
tlioso points where the strata are composed of harder stone. Thus, 
for example, the chalk with flints, together with the subjacent upper 
greensand, wdiich is often used for building, under th(3 provincial 
name of “ firestone,” have been cut into a steep clilf on that side on 
which the sea encroached. This escarpment bounds a deep valley, 
excavated chiefly out of the soft argillaceous bed, termed gault 
(No. 3., map, p. 356.). In some places the ujipcr greensand is in a 
loose and incoherent state, and there it has been as much denuded as 
the gault; as, for example, near Beiichy Head; but farther to the 
wt;stward it is of great thickness, and contains hard beds of blue 
chert and calcareous sandstone or firestone. Ihu'e, accordingly, we 
find that it producers a corresponding influence on the scenery of the 
country; for it runs out like a step beyond the loot of the chalk- 
hills, and constitutes a lower terrace, varying in breadth from a 
(juarter of a mile to three miles, and following the sinuosities of tho 
chalk-escarpment. I 



a. Chalk with flints. b. Chalk without flints. 

c. Upper grecusanJ, or firestone. d. Uault. 


* Sco illustrations of this theory, by Sussex, &c., Gcol. Ti'ans., Second Series, 
Dr. Fitton, Geol. Sketch of llastiiij^s. vol. ii. p. 98. 

■f Sir R. Murchison, Gcol. Sketch of 
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It is impossible to desire a more satisfactory proof that the escarp- 
ment is due to the excavating power of water during the rise of the 
strata, or during their rising and sinking at successive periods ; for 
I liave shown, in my account of the coast of Sicily (p. 76.), in what 
manner the encroachments of the sea tend to eiface that succession of 
terraces which must otherwise result from the intermittent upheaval 
of a coast preyed upon by the waves. During the interval between 
two elcvatory movements, the lower terrace will usually be destroyed, 
wherever it is composed of incoherent materials ; whereas the sea 
will not have time entirely to sweep away another part of the same 
terrace, or lower platform, which happens to be coni posed of rocks of 
a harder texture, and capable of offering a firmer n'sistance to the 
erosive .action of water. As the yielding clay termed gault would bo 
readily washed away, we find its outcrop marked everywhere by a 
vall(‘y which skirts the base of the chalk-hills, and which is usually 
bounded on the opposite side by the lower greensand; but as the 
upper beds of this last formation are most commonly loose and inco- 
herent, they also have usually disappeared and increased the br(;adth 
of the valley. In those districts, however, where chert, limestone, 
.and other solid materials enter hirgely into the composition of this 
formation (No. 4., map, p. 856.), they give rise to a range of liills 
par.allel to the chalk, which sometimes rival the escarpment of the 
chalk itself in height, or even surpass it, as in Leith Hill, near 
Dorking. This ridge often presents a steep 'escarpment towards 
the soft argillaceous de])osit called the Weald clay (as above. No. 5. ; 
tig. 356. p. 357.), which usually forms a broad valley, separating 
the lower greensand from the Hastings sands or Forest Kidge ; 
hut where subordinate beds of sandstone of a firmer texture occur, 
the uniformity of the plain of No. 5. is broken by waving irregu- 
larities and hillocks. 

Pluvial action, — In considering, however, the comparative de- 
structibility of the b.arder and softer rocks, wc iimst not underrate 
the power of rain. The chalk-downs, even on their summits, are 
usmilly covered with unrounded clialk-flints, such as might remain 
after masses of white chalk head been softened and removed by watei*. 
This superficial accumulation of the hard or siliceous materi.als of 
disintegrated strata may be due in no smiill degree to pluvial action ; 
for during extraordinary rains a rush of water charged with cfil- 
carcous matter, of a milk-white colour, may be seen to descend cv(*n 
gently sloping hills of chalk. If a layer no thicker than the tenth 
of an ineli bo removed once in a century, a considerable mass may 
in the course of indefinite ages melt away, leaving nothing save a 
stratum of flinty nodules to attest its former existence. A bed of fine 
clay sometimes covers the surface of slight depressions in the whit(? 
cluilk, which may represent the aluminous residue of the rock, afler 
the pure carbonate of lime has been dissolved by rain-water, charged 
with excess of carbonic acid derived from decayed vegetable matter. 
The acidulous waters sometimes descend through “ saiid-pipcs ” and 
“swallow-holes” in the chalk, so that the surface may be under- 
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mined, and cavities ma 7 bo formed or enlarged, even bj that part of 
the drainage which is subterranean.* 

Lines of Fracture. — Mr. Martin, in his work on the geology of 
Western Sussex, published in 1828, threw much light on the struc- 
ture of tlio Wealdeu by tracing out continuously for miles the direc- 
tion of many anticlinal lines and cross fractures ; and the same 
course of investigation has since been followed out in greater detail 
by Mr. Hopkins. The geologist and mathematician last-mentioned 
has shown that the observed direction of the lines of flexure and 
dislocation in the Weald district coincide with those which might 
have been anticipated theoretically on mechanical principles, if Ave 
assume certain simple conditions under which the strata were lifted 
up by an expansive subterranean force.| 

His opinion, that both the longitudinal and transverse lines of 
fracture may have been produced simultaneously, accords well with 
that expressed by M. Thurmann, in his work on the anticlinal ridges 
and valleys of elevation of the Bernese Jura.J For the accuracy 
of the map and sections of the Swiss geologist I can vouch, from 
personal examination, in 1835, of part of the region surveyed by him. 
Among oth(T results, at which he arrived, it appears that fhe 
breadth of the anticliiifal ridges and dome-shaped masses in the Jura 
is invariably great in proportion to the number of the formations 
exposed to view ; or, in other Avords, to the depth to Avhich the super- 
imposed groups of secondary strata have been laid open, (See fig. 71. 
p. 55. for structure of Jura.) lie also remarks, tliat the anticlinal 
lines are occasionally oblique and cross each other, in which case the 
greatest dislocation of the beds takes place. Some of the cross frac- 
tures are imagined by him to have been contemporaneous Avith others 
subsequent to the longitudinal ones. 

I have assumed, in the former part of this chaphT, that the rise of 
the Weald Avas gradual, whereas many gcjologists have attributcul its 
elevation to a single effort of subterranean violence. There appears 
to them such a unity of effect in this and other lines of deranged 
strata in the south-east of England, such as that of the Isle of Wighl, 
as is inconsistent with the supposition of a great number of separate 
movements recurring after long intervals of time?. But we knoAv that 
earthquakes are repeated throughout a long series of agcis in the 
same spots, like volcanic eruptions. The oldest lavas of Etna Avore 
poured out many thousands, perhaps myriads of years before the 
newest, and yet they, and the movements accompanying their emission, 
have produced a symmetrical mountain ; and if rivers of melted 
msitter thus continue to flow upwards in the same direction, and 
toAvards the same point, for an indefinite lapse of ages, Avhat diffi- 
culty is there in conceiving that the subterranean volcanic force, 
occasioning the rise or fall of certain parts of the earth’s crust, 

* Sec above, p. 82, 83. “ Sand-pipes f Soc. Proceed. No. 74. p. 363. 
in Chalk and P/ostwich, Gcol. Quart. 1841, and G. S. Trans. Second Scr.vol. vii. 
Jourii. vol. X. p. 222. % Souldvcmcns Jurassiques. 1832. 
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may, by reiterated movements, produce the most perfect unity of 
result ? 

At what periods the Weald vallefj was denuded , — Wo may next 
inquire at what time tlie denudation of the Weald was effected, and 
w'o shall find, on considering all the facts brought to light by recent 
investigation, that it was accomplished in the course of so long a 
series of ag(.*s, that the greatest revolutions in the physical geography 
of tlie globe, yet known to us, have taken place within the same 
lapse of time. It lias now been ascertained, that part of the denu- 
dation of the Weald was completed before the British Eocene strata, 
and consequent!}’’ before the nummulitic rocks of Europe and Asia 
were formed. The date, therefore, of part of the changes now under 
contemplation was long antecedent to the existence of the Alps, 
Pyrenees, and many other European and Asiatic mountain-chains, 
and even to the accumulation of large portions of their component 
materials beneath the sea. 

M. Elie de Beaumont suggested, in 1833, that there was an island 
in the Eocene sea in the area now occupied by the French and 
English Wealden strata, and he gave a map or hypothetical restora- 
lion of the ancient geography of that region at the era alluded to.* 
Mr. Prestwich has since shown that the materials of which the 
lower tertiary beds of England are made up, and their manner of 
l etting on the chalk, imply, that such an island, or several islands 
and shoals, composed of Chalk, Upper Greensand, Gault, and pro- 
bably of some of the Lower Cretficcous rocks, did exist somewhere 
between the present North and South Downs. The undermined 
clitfs and shores of those lands supplied the Hints, which the action 
of th(‘ waves rounded into pebbles, such as now form the Woolwich 
and Blackheatli shingle-beds below the London Clay. It is sup- 
])osed, that the land referred to was drained by rivers flowing ijito 
the I^ocene seji, and whence the brackish and freshwater deposits of 
Woolwich and other coiiteniporaneous strata f were derived. The 
large siz(j of >ome of the rolled flints (eight inches and upwards in 
diiirnet(?r) of the Blackheatli shingle demonstrates the proximity of 
land. Su(!h heavy masses could not have been transported from 
gi-eat distances, whether they owe their shape to wates breaking on 
a sea-beach, or to rivers descending a steep slope. 

In the annexed diagram (fig. 364.) Mr. Prestwich has represented 
a section from near Saffron Walden, in Essex, to the Weald, passing 
north and south through Godstone, in which we sec how the chalk, 
c, had been disturbed and denuded before the lower Eocene beds, A, 
were deposited. Some small patches of the last-mentioned bods, 
consisting of clay and sand, extend occasionally, as in tliis instance, 
to the very edge of the escarpment of the North Doaviis, proving that 
the surface of the white chalk, now covered with tertiary strata, is 
the same which originally constituted the bottom of the Eocene sea. 

* Mi'm. dc la Soc. Gcol. dc France, f See p. 221. above. 
voL i. part i. p. 111. pi. 7. fig. 5. 
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Section Mhowing tlint the Wrald had lipeii denuded of chalk before the Lower Eocene strata were 
deposited. (See Prestwich, Geol. Quart. Journ., vol. viii, p. 2.5C. IHA‘2.) 

.S. Hcl.'itivp position of Saffron Walden. 

(i. Ciiiilk-esrarpmeiit above Godstone, surmounted bf a patch of the Lower Tertiary beds, b'. 
a. Loudon Clay. A, b*. lAiwer Tertiaries. e. Chalk. 

d. Upper Greensand. e. Gault. /. Lower Greensand and Wealden. 

X. Point at which the present upper and under surfaces of the chalk, If they were prolongt'd, would 
converge. 


It is therefore inferred, that, if we prolong southwards the upper 
and under surfaces of tlie chalk, along the dotted line in the above 
section, they would converge at the point x ; therefore, beyond that 
point, no white chalk existed at the time when the Eocene beds, h, b\ 
were formed. In other words, the central parts of the Wealden, 
south of Xy were already bared of their original covering of chalk, 
or had only some slight patches of that rock scattered over them. 

The island, or islands, in the Eocene sea may bo represented in 
the annexed diagram (hg. 365.) ; but doubtless the denudation ex- 


Fig. 365. 




Island In the Eocene Sen. 

a. Chalk, Upper Greensand, and (vault. b. Lower Greensimd. 


c. Wcnldi'n. 


tended farther in width and depth before the close of the Eocene 
period, and the waves may have cut into the Lower Greensand, and 
perhaps in some places into the Wealden strata. 

According to this view the mass of cretaceous and subcretaccous 
rocks, planed off by the waves and currents in iho area between 
the North and South Downs before the origin of the oldest Eocene 
beds, may have been as voluminous as the mass removed by denu- 
dation since the commencement f the Eocene era. 

Tint the reader may ask, why is it necessary to assume that so 
much white chalk first extended continuously over the Wealden 
beds in this part of England, and was then removed ? May wo not 
suppose that land began to exist between the North and South 
Downs at a much earlier epocii ; and that the upper Wealden beds 
rose in the midst of the Cretaceous Ocean, so as to check the accu- 
mulation of white chalk, and limit it to the deeper water of adjoining 
arcvas ? This hypothesis has often been advanced, and as often 
rejijctcd ; for, had there been shoals or dry land so near, the white 
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chalk would not have remained unsoiled, or without intermixture of 
mud and sand ; nor would organic remains of terrestrial, fluviatile, or 
littoral origin have been so entirely wanting in the strata of the 
North and South Downs, where the chalk terminates abruptly in 
the escarpments. It is admitted that the fossils now found there 
belong exclusively to classes which inhabit a deep sea. Moreover, 
the uppermost beds of the Wealden group, as Mr. Prestwich has 
remarked, would not have been so strictly conformable with the 
lowest beds of the Lower Greensand had the strata of the Wealden 
undergone upheaval before the deposition of the incumbent creta- 
ceous series. 

But, although we must assume that the while chalk was once 
continuous over what is now the Weald, it by no means follows that 
the first denudation was subsequent to the entire Cretaceous era. 
Most probably it commenced before a large portion of the Maostricht 
beds were formed, or while they were in progress. I have already 
stated (p. 314. above), that in parts of Belgium I observed rolled 
pebbles of chalk-11 ints very abundant in the lowest Maestricht beds, 
where these last overlie the white chalk, showing at how early a 
date the chalk was upraised from deep water and exposed to aqueous 
abrasion. 

Guided by the amount of change in organic life, wo may estimate 
the interval between the Maestricht beds and the Thanet Sands to 
have been nearly equal in duration to the time which tdapsed 
between the deposition of those same Thanet Sands and the Glacial 
period. If so, it would be idle to expect to be able to make idcid 
restorations of the innumerable phases in physical geography through 
which the south-east of England must have passed since the Weald 
began to bo denuded. In less than half* the same lapse of time the 
aspect of the whole European area has been more* than once entindy 
changed. Nevertheless, it may be useful to enumerate some of the 
known fluctuations in the physical conformation of the Weald and 
tlie regions immediately adjacent during the period alluded to. 

First, we have to carry back our thoughts to those very remote 
movements which first brought up the white chalk from a deep s(‘a 
into exposed situations where the waves could plane off certain 
portions, as expressed in diagram, fig. 364., before the British Lower 
Eocene beds originated. 

Secondly, we have to take into account the gradual wear and 
tear of the chalk and its flints, to which the Thanet sands bear 
witness, as well as the subsequent Woolwich and Blackheath shingle- 
beds, occasionally 50 feet thick, and composed of rolled flint-pebbl(*s. 

Thirdly, at a later period a great subsidence took place, by which 
the shallow- water and fresh-water beds of Woolwich and oth(»r 
Lower Eocene deposits were dc'presscd (see above, p. 294.) so as to 
allow the London Clay and Bagshot scries, of decp-sca origin, to 
accumulate over them. The amount of this subsidence, according 
to Mr. Prestwich, exceeded 800 feet in the London, and 1800 feet 
in the Hampshire or Isle of Wight basin ; and, if so, the intervening 
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area of the Weald could scarcely fail to share in the movement, and 
some parts at least of tho island before spoken of (fig. 365. p. 366.) 
would become submerged. 

Fourthly. After the London clay and the overlying Bagshoi sands 
hfid bcM'ii deposited, they appear to have been upraisi^l in the Loudon 
basin, during the Eocene period, jind their conversion into land in 
the north seems to have preceded the upheaval of beds of correspond- 
ing age in the south, or in the Hampshire basin ; because none of 
the fluvio-marine Eocene strata of Hordwell and the Isle of Wight 
(described in Chap. XVI.) are found in any part of theLondon area. 

Fifthly. The fossils of the alternating marine, brackish, and fresh- 
water beds of Hampshire, of Middle and U]»per Eocene date, bear 
testimony to rivers draining adjacent lands, and to tho existence of 
numerous quadrupeds in those lands. Instead of these phenomena, 
the signs of an open sea might naturally have been expected, as a 
consequence of the vast subsidence of the Middle Eocene beds before 
ineniioned, had not some local upheaval taken place at the same time 
in the Isle of Wight, or in regions immediately adjacent. Whatever 
hypothesis be adopted, we are entitled to assume that during the 
Middle and Upper Eocene periods there were risings and sinkings of 
land, and changes of level in the bed of the sea in the south-east of 
England, and that the movements were by no means uniform over 
the whole area during these periods. Tho extent and thickness of 
tho missing beds in the Weald should of itself lead us to look for 
proofs of that area having, by repeated oscillations, changed its level 
frequently, and, oftener than any adjoining area, been turned from 
sea into land and land into sea ; for the submergence and emergence 
of land angineiit, beyond any other cause, the wasting and removing 
])ow(*r of water, whether of the waves and tides or of rivers and 
land Hoods. 

Sixthly. The Lower Miocene strata of the Isle of Wight (or the 
Hempstead beds before described) have been upraised several 
hundred feet above the level of tho sea in which they were origi- 
nally formed. This upward movement may have occurred, in great 
part at least, during the Miocene period, when a large part of Euro])e 
is supposed to have become land, as before suggested (p. 240.). Hence 
we are cntillcd to speculate on the probability of revolutions in the 
])hysical geograpliy of the adjoining Weald in times intermediate 
between the deposition of the J’^empstead beds and the origin of the 
Sutfulk crag. 

Seventhly. Wo have already seen (p. 232.) that certain ferru- 
ginous sands lie in patches on the North Downs, some of them from 
20 to 40 feet in thickness, and referable by their fos>ils to the same 
age as the Diest sands of lL.lgium. They are probably somewhat 
older than the coralline crag of Suffolk, and, as before explained, 
may constitute the only representative in tho British Isles of the 
Upper Miocene or Falunian epoch. It is clear, from the relative 
position of the sands in question on tlie North Downs to the Lower 
Eocene deposits of the London clay, Wcolwich and Thanet series, 
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that, before the waters of the Upper MioceneJ sea spread oVer this 
region south of the Thames, all those Eocene strata had been much 
wasted and often reduced to mere isolated outliers scattered over the 
chalk. After the ferruginous sands were thrown down the bed of 
the sea must have been again raised 500 or 600 feet, in order that 
the North Downs might attain their present elevation. 

Wo learn from these discoveries how impossible it may often be 
to demonstrate the former presence of the sea on any given area by 
organic remains, or by sca-bcachcs. Long and diligent inquiries had 
been made before the year 1856, for sea-shells of recent or crag 
species, and for the signs of old sea-margins within the area of the 
North and South Downs and the Wealden, or on Nos. 2, 3, 4, 5, 6, 
and 7. of the map (p. 356.) ; but in vain, until at last a few shells and 
casts of others prove iiicontcstibly the sojourn of the Older Pliocene 
or ypper Miocene sea in those very spaces. We must now, there- 
Ibre, admit the retreat of its waters to liave been an event as modern 
as the Upper Miocene, if not the Pliocene period. It follows that 
in many c:ises the land may have sunk and have emerged again 
without retaining on its surface any monuments of the kind usually 
demanded as indispensable to warrant our speculating on marine 
denudation us a great modifying cause in the physical geography of 
the globe. 

Eighthly. Blit wo have still to consider another vast interval of 
time — that which separated the end of the Miocene from the end of 
the Newer Pliocene era — a lapse of ages which, if measured by the 
fluctuations experienced in the marine fauna, may have suinced to 
submerge and re-elevato whole continents by a process as slow as 
that which is now operating to upraise Sweden and depress Green- 
land. 

Lastly. The reader must recall to mind what was said, in Chap- 
ters XI. and XII. respecting the vast geographical changes of Post- 
plioeene date, especially those relating to tlui glacial drift and its 
far-transported materials. A wide extent of tlui British Isles appears 
to have been under the sea during some part or other of that epoch. 
Most of t||e submerged ureas were afterwards converted into dry 
land, now sev(»ral hundred and in Wales more than thirteen hundred 
fe.et high, as proved by marine fossil shells. It seems highly pro- 
bable that the Wealden area was dry land when the most (diarac- 
tcristic northern drift originated, no traces of northern erratics 
having been met with farther south than Highgate, near Jjoridon. 
But it by no means follows that the area of the Weald was stationary 
during all these ages. It may have been raised and depressed, and its 
surface may have been modified by rain, rivers, and floods caused 
by the sudden melting of deep snow again and again during the 
Glacial era.* 

* In my Geological Evidences of the place in Post-plioccne times, availing: 
Antiquity of Man, pp. 276. 278., I have myself of the maps and memoirs of 
given maps illustrating the changes in Mr. Trimmer, Mr. Godwin-Austcii, and 
physical geography which have taken others. 

BB 
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It was long ago observed bj Dr. Mantell that no vestige of the 
chalk and its flints has been seen on the contral ridge of tho Weald or 
on the Hastings Sands, but merely gravel and loam derived from the 
rocks in situ in tho neighbourhood. This distribution of alluvium, 
especially the absence of chalk-flints in the central district, agrees 
well with the theory of denudation before set forth ; for by referring 
to flg. 356. (p. 357.), the reader will see that had the chalk (No. 2.) 
been once continuous, and covered everywhere with flint-gravel, 
this gravel would be the first to be carried away from the 
highest part of the dome long before any of the gault (No. 3.) 
was laid bare. Now, if some ruins of the chalk remain at first 
on the gault, these would be, in a great degree, cleared away 
before any part of tho lower greensand (No. 4.) is denuded. Thus 
in proportion to the number and thickness of the groups removed 
in succession, is the probability lessened of our finding any remiauts 
of the highest groups strewed over the bared surface of the lowest. 

But it is objected, that, had the sea at one or several periods been 
the agent of denudation, we should have found ancient sea-beaches 
at the foot of the escarpments, and other signs of oceanic erosion. 
As a general rule, the wreck of the white chalk and its flints can 
only be traced to slight distances from the escarpments of the North 
and South Downs. Even where exceptions occur, and where 
flints are seen two or three miles from the nearest chalk, they are 
so angular as to be regarded by many as indicating fluviatile rather 
tlian marine denudation. Without wishing to gainsay the doctrine 
that many of the last superficial changes of tho Weald may have 
been due to rain and rivers, combined with successive upheaval and 
depression of land, I may, nevertheless, remind the reader that, in 
tho absence of organic remains, it is often impossibly to distinguish 
between gravel formed in the bed of a river and that which accumu- 
lates on a sea-beach. For if we examine the broken flints at the 
base of a clilf, in places where they are not peculiarly exposed 
to the continuous and violent action of the waves, we may observe 
that they retain much angularity. This may be seen between the 
Old Harry rocks in Dorsetshire and Christchurch in ^lampshire. 
Throughout the greater part of that line of coast the cliffs are com- 
posed of tertiary strata, capped by a dense covering of gravel 
formed of flints slightly abraded. As the waste of the cliffs is 
rapid, the old materials are grav»ually changed for new ones on the 
beach ; nevertheless we have here an example of angles being re- 
tained after two periods of attrition ; first, that during which tho 
gravel was spread originally over the Eocene deposits ; and secondly, 
when the Eocene sands and clays were undermined and tho modern 
cliff and sea-beach formed. As to tho angularity of the flints, it 
has been thought by some authorities to imply great violence in the 
removing power, especially in those cases where well-rounded 
pebbles washed out of Eocene strata are likewise found broken, 
sometimes with sharp edges, and often Avith irregular pieces chipped 
out of them as if by a smart blow. Such fractured pebbles occur 
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not unfrequcntlj in the drift of the valley of the Thames. In ex- 
planation 1 may remark that, in the Blackheath and other Eocene 
shingle-beds, hard egg-shaped dint-pebbles may be found in such a 
state of decomposition as to break in the same manner on the appli- 
cation of a moderate blow, such as stones might encounter in the 
bed of a swollen river or on a sea-coast. 

Angular flint-breccia is not confined to the Weald, nor to the 
transverse gorges in the chalk, but extends along the neighbouring 
coast from Brighton to Rottingdcan, where it was called by 
Dr. Mantell “ the elephant-bed,” because the bones of the mammoth, 
primigeniusy abound in it with those of the horse and, more 
rareiy, the rhinoceros, R, tichorhinus. The following is a section of 
this formation as it appears in the Brighton clifi'.* 



A. Chalk with layers of flint dipping slightljr to the south. 

b. Ancient lieacti, coiisistliig ol line sand, from ono to lour feet thick, covered hy shingle fmm flv 

to eight feet thick of pebhies of ehalk-flint, granite, and other rucks, with broken shells of 
recent marine species, and bones ol cetacea. 

c. Elephant-bed, about filty Icct thick, consisting of layers of wliitc chalk rubble, with broken rbalk- 

iliiitfl, often more cunlusedly stratified than is represented in this drawing, in wliicii deposit 
are foiiiid bones of ox, deer, horse, and mammoth. 

d. Sand and shingle of modern beach. 

To explain this section we must suppose that, after the excava- 
tion of the cliff A, the beach of isand anti shingle b vfsis formed by 
the long-continued action of the sea. The presence of JAttorina 
littorea and other recent littoral shells determines the modern date 
of the accumulation. The overlying beds arc composed of such 
calcareous rubble and fiints, rudely stratified, as are often con- 
spicuous in parts of the Norfolk coast, where they arc associated 
with glacial drift, and were probably of contemporaneous origin. 
Similar flints and chalk-rubble have been recently traced by Sir 
lioclcrick Murchison to Folkestone and along the face of the 
clifis at Dover, where the teeth of the fossil elephant have been 
detected. 

Mr. Prestwich also has shown that at Sangatte, near Calais, on 
* See also Sir R. Murchison, Gcol. Quart. Journ., vol. vii. p. 365. 

DB 2 
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the coast exactly opposite Dover, a similar waterworn beach, with 
an incumbent mass of angular flint-breccia, is visible. I have my- 
self visited this spot, and found the deposit strictly analogous to 
that of Brighton. The fundamental ancient beach has been up- 
lifted more than ten feet above its original level. The flint-pebbles 
in it have evidently been rounded at the base of an ancient chalk- 
cliff, the course of which can still be traced inland, nearly paralhd 
with the present shore, but with a space intervening between them 
of about one-third of a mile in its greatest breadth. 

Of a somewhat older date than the Brighton beach are some largo 
erratic blocks, the greatest number of which are seen at Pagham 
and Selseii, fifteen miles south of Chichester, consisting of granite 
and many other rocks which are not of northern origin, but which 
seem to have been drifted into their present site by coast-ice from 
Normandy and Brittany. They overlie a Post-pliocene deposit of 
marine origin. Like the Brighton beach, they help to prove that 
during the Glacial period a sea-coast bounded the elevated district 
of the Wctiltl to the south of the present South Downs. 

Professor Ramsay*, and some other able geologists, who fully 
admit that the denudation of the Wejilden area and that of the 
North and South Downs was mainly effected by the agency of the 
sea, incline, nevertheless, to the opinion that the great escarpments 
of the chalk may have been due to pluvial atid fluviatile erosion, 
the sea, when it last retired, having left the secondary strai»planed 
off at one and the same level. But this hypothesis seems to me un- 
tenable, because, assuming that tho last of the submarine areas duo 
to denudation bad an oven and level surface before it emerged, £ 
cannot imagine that great supcrficiiil inequalities would not have 
been produce*! by the Avaves and tides of the sea during the time 
when the chalk, gault, greensand, and other formations, some com- 
])osed of liarder and some of softer materials, were raised graduallv^ 
above the waters. The scooping out of the great longitudinal 
valleys must have commenced during such upheaval ; and as to 
the transverse valleys, if it be true, as Mr. Jukes has suggested, that 
they originated at a very remote era by fluviatile erosion, when 
the chalk extended farther towards the central axis of tho Wealdeu 
than now", slill the subsequent deepening of these valleys must have 
been due in part to tid*al action. As to the poAver of mere atmospheric 
causes, Ave have only to endow them with a small portion of the force 
ascribed to them by the geologists in question, and we can have no 
difficulty In explaining how all traces of tho sea in the shape of 
littoral shells or beach deposits should have disappeared. Shells, 
once strewed over ancient sliores, may have decomposed so as t*» 
make it impossible for us to assign an exact palaeontological date 
to the period of emergence ; but the leading inequalities of hill 

* See Professor Bamsay’s Physical Geology and Geography of Great 
Britain, 2n(l ed. : London, 1864. 
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nnd dale, the long lines of osearpment, the longitudinal and trans- 
verse valleys, may still be mainly due to the power of the waves 
and currents of the sea. 

In des])air of solving the problem of the present geographical 
configuration and geological structure of the Weald by an appeal 
to ordinary causation, some geologists have been fiiin to invoke 
the aid of imaginary “ rushes of sjilt water ” over the land during 
the sudden upthrow of the bed of the sea, when the anticlinal axis 
of the Weald was formed. Others refer to vast bodies of fresh 
water breaking forth from suhteri'ancan reservoirs, when the rocks 
were riven by earthquake shocks of intense violence. The single- 
ness of the cause and the unity of the result are emplnitically 
insisted upon : the catastrophe was abrupt, tumultuous, transient, 
and paroxysmal ; fragments of stone were swept along to great 
distances without time being allowed for attrition ; alluvium was 
thrown down unstratified, and often in strange situations, on the 
Hanks or on the summits of hills, while the lowest levels were left 
bare. The convulsion was felt simultaneously over so wide an 
area, that all the individuals of certain species of quadrupeds were 
at once annihilated ; yet the event was comparatively modern, for 
the species of testacea now living were already in existence. 

This hypothesis is untenable and unnecessary. In the present 
chaptef I have endeavoured to show how nymerous have been the 
])eriods of geographical change, and how vast their duration. 
Evidence to this effect is afforded by the relative position of the 
chalk and overlying tertiary deposits ; by the nature, character, and 
position of the tertiary strata ; and by the overlying alluvia of the 
Weald and adjacent countries. As to the superficial detritus, its 
insignificance in volume, when compared to the missing rocks, 
should never be lost sight of. A mountain-mass of solid matter, 
liundreds of square miles in (3Xtent, and hundreds of yards in thick- 
ness, lias been carried away bodily. To what distance it lias been 
transported we know not, but certainly beyond the limits of the 
Weald. For achieving such a task, if wo arc to judge by analogy, 
all transient and sudden agency is hopelessly inadequate. There is 
one power alone which is competent to the task, namely, the me- 
chanical force of water in motion, operating gradually and forages. 
We have seen in the sixth chapter that every stratified portion of 
the earth’s crust is a mouumeut of denudation on a grand scale, 
always effected slowly ; for each superimposed stratum, however 
thin, has been successively and separately elaborated. Every 
attempt, therefore, to circumscribe the time in which any grf3at 
amount of denudation, ancient or modern, has been accomplished, 
draws with it the gratuitous rejection of the only kind of machinery 
known to us which possesses the adequate power. 

If, then, at every epoch, from the most ancient to the Pliocene in- 
clusive, voluminous masses of matter, such us are missing in the 
Weald, have been transferred from place to place, and always re- 
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moved gradually, it seems extravagant to imagine an exception in 
the very region where wc can prove the first and last acts of 
denudation to have been separated by so vast an interval of time. 
Here, might wo say, if anywhere within the range of geological 
inquiry, wo havo time enough, and without stint, at our command. 
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CHAPTER XX. 

JURASSIC GROUP. — PDRDECK BEDS AND OOLITE. 

The Purbeck beds a member of the Jurassic group— Subdivisions of that group — 
Physical geography of the Oolite in England and France — Upper Oolite — 
Purbeck beds — New genera of fossil mammalia in the Middle Purbeck of 
Dorsetshire — Dirt-bed or ancient soil — Fossils of, the Purbeck beds — Portland 
Btoiie and fossils --Lithographic stone of Solenhofen — Archaeopteryx — Middle 
Oolite— Coral rug — Zoophytes — Nerinaeun limestone — Diceras limestone — Ox- 
ford clay, Ammonites and Bclcmnites — Kelloway Rock — Lower Oolite, Cri- 
noidcans — Great Oolite and Bradford clay — Stonesfield slate — Fossil mammalia 
— Resemblance to an Australian fauna — Northamptonshire slates— Yorkshire 
Oolitic coal-field — Brora coal — Fuller’s earth — Inferior Oolite and fossils— Pake- 
ontulogical relations of the several subdivisions of the Oolitic group. 

Ii^rMEDiATELY below tho Hastings Sands (the inferior member of the 
Wealden, as defined in the eighteenth chapter), we find in Dorsetshire, 
another remarkable freshwater formation, called the Purbeck^ be- 
cause it was first studied in the sea-cliffs of the peninsula of Pur- 
beck in Dorsetshire. These beds were formerly grouped with the 
Wealden, but some organic remains recently discovered in certain 
intercalated marine beds show that the Purbeck scries has a close 
affinity to the Oolitic group, of which it may bo considered as the 
newest or uppermost member. 

In England generally,. and in tho greater part of Europe, both 
the Wealden and Purbeck beds are wanting, and the marine 
cretaceous group is followed immediately, in the descending order, 
by another series called the Jurassic. In this term, the formations 
commonly designated as tho Ooiito and Lias ” are included, both 
being found ia the Jura Mountains, The Ooiito was so named be- 
cause in the countries where it was first examined, the limestones 
belonging to it had an oolitic structure (see p. 12.). These rocks 
occupy in England a zone which is nearly tliirty miles in average 
breadth, and extends across the island, from Yorkshire in the north- 
east, to Dorsetshire in tho south-west. Their mineral characters 
are not uniform throughout this region ; but tho following are the 
names of the principal subdivisions observed in the central and 
south-eastern parts of England. 

OOLITE. 

{ a. Pnrbeck beds. 

A Portland stono and sand, 
c. Kimmeridgo clay. 
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Middle 


Lower 


f d. Coral rag. 

Oxford day, and Kcllowfly rock. 

i f. Cornbrash and Forest marble. 
ij. Great Oolite and StoncslLdd slate. 
h. Fuller’s earth. 

1. Inferior Oolite. 


The Lias then succeeds to the Inferior Oolite. 


The Upper Oolitic systeiji of the above table has usually the 
Kimiiieridt^e clay for its base ; the Middle oolitic system, tlu; Oxford 
(day. The Lower system reposes on the Lias, an argillo-calcareous 
I’orinatioiJ, which some include in the Lower Oolite, but wdiich will 
be treated of separately in the next chapter. Many of these sub- 
divisions are distinguished by peculiar organic remains ; and, 
thoiigli varying in thickness, may be traced in certain directions 
for great distances, especially if we compare the p.art of England 
to whi(di the above-mentioned type refers with the Jiorth-east of 
France and the Jura Mountains adjoining. In that country, distant 
above 400 geographical miles, the analogy to the a**cepted English 
1y])e, notwithstanding the thinn(!ss or occasional absence of the 
clays, is more j^erfect th.an in Yorkshire or Kormandy. 

Physical geography . — Tlui alternation, on a grand scale, of dis- 
tinct formations of clay and limestone has caused the oolitic; and 
1 lassie 8(jries to give; rise to some marked f(‘aturcs in the physical 
outline of parts of England and France. Wide valleys can usually 
be trac(;d throughout the long bands of (;ountry where tlic argilla- 
ceous strata crop out ; and between these valleys the lirn(‘stones are 
observed, (;om])osing ranges of hills or more elevated grounds. 
These ranges terminate abruptly on the side on which the several 
clays rise up from b(.*noath the calc.m^ous strata. 

The annexed cut will give the reader an Itlca of the configuration 
of the surface now alluded to, such as may be seen in passing from 
London to Clielteidiam, or in other parallel lines, from cast to west, 
in the southern part of England. Jt has been Jiecessary, however. 


Fig. .%7. 

Lower MiiJille Upper London 

Oolite. Oolite. Oolite. Chalk, rl.iy. 



Lins. Oxfu*- ' Clay. Kiin. clay. Gault. 


in this drawing, greatly to exaggerate the incdiiiation of the beds, 
and the height of the several formations, as compared to their 
horizontal extent. It will be remarked, that the lines of cliff, or 
escarpment, face towards the west in the great calcareous eminences 
formed by the Chalk and the Upper, Mitjdle, and Low'er Oolites ; 
and at the base of which w'e have respectively the Gault, Kim- 
meridge clay, Oxford clay, and Lias. This last forms, generally, a 
broad vale at the foot of the escarpment of inferior oolite,l3ut whore 
it acquires considerable thickness, and contains solid beds of marl- 
stone, it occupies the Ipwer part of the escarpment. 
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The external outline of the country whicli the geologist observes 
ill travelling eastward from Paris to Metz, is precisely analogous, 
and is caused by a similar succession of rocks intervening between 
the tertiary strata and the Lias ; with this difference, however, that 
the escarpments of Chalk, Upper, Middle, and Lower Oolites face 
towards the east instead of the west. 

The Chalk crops out from beneath the tertiary sands and clays of 
the Paris basin, near Kpernay, and the Gault from beneath the 
Chalk and Upper Greensand at Clermoiit-eii-Argonnc ; and passing 
from this place by Verdun and Etain to Metz, wu find two limestone 
ranges, witli intervening vales of clay, precisely resembling those of 
.--outhern and- central England, until we reach the great plain of 
Lias at the b«aso of the Inferior Oolite at Metz. 

It is evident, therefore, that the deimding eauscs have acted simi- 
larly over an area several hundred mil(»s in diameter, sweeping UAvay 
the softei’ clan's more extensively than the limestoiu‘s, and under- 
iiiiiiiiig tliese last so as to cause them to form steep cliffs wherever 
the harder calcareous rock was based upon a more yielding and de- 
.-tructiblft clay. 


UPPER OOLITE. 

Purheck beds {a. Tub., p. 375.). — These strata, which we class as 
ihe uppermost member of the Oolite, are of limited geograplncal 
f^xtent in Europe, as already stated, but they acquire im])ortance 
wlien we consider the succession of thr(‘e distinct sets of fossil 
remains which they contain. Such rc])eated changes in organic life 
must have reference to tlie history of a vast lapse of ages. The 
Purb(;ck beds are fijiely exposed to view in Durdlestone Bay, near 
Swanage, Dorsetshire, and at Jjuhvorth Cove and the neighbouring 
bays between Weymouth and Swanage. At Meup’s Bay, in parti- 
cular, Professor E. Forbes examined minutely, in 1850, the organic 
I’cinaiiis of this group, displayed in a continuous sca-clilf section ; 
and he added largely to the information previously sui)plied in the 
works of Messrs. Webster, Fittou, I)e la Beclie, Buckhiiid, and 
^lantell. It appears fro^l these researches that the Up]>er, Middle, 
and Lower Purbecks are each marked by peculiar species of organic 
remains, these again being different, so far as a comparison has yet 
b(‘eu instituted, from the fossils of the overlying Hastings Sands and 
Weald Clay.* 

Upper Purheck, — The higlicst of tlie three divisions is purely 
freshwater, the strata, about 50 feet in thicjkness, containing sliells 
of the genera Paludina^ Physa^ lAmncea^ Planorhis, Valvata^ Cy^ 
clan, and Unio, with Cy prides and lisli. All the s[)ecies seem pecu- 
liar, and among these the Cyprides arc very abundant and charac- 
teristic. (See figs. 368. a, 5, c.) 

The stone called “Purbeck Marble,” formerly much used in 
♦ #“ On the Dorsetshire Purbecks,*' by Prof. E. Forbes, Brit. Assoc. Edinb., ISlJb. 
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Firm 



Cypridps from the Upper Purbecki. 

a. Cypris gibbosa^ RTorbei. b, Cypris tubercuiata, E. Forbet. c» Cypria legumineUat B. Forbei. 

ornamental architecture in the old English cathedrals of the southern 
counties, is exclusively procured from this division. 

Middle Purbeck, — Next in succession is the Middle Purbeck, 
about 30 feet thick, the uppermost part of which consists of fresh- 
water limestone, with cypridos, turtles, and fish, of diflerent species 
from those in the preceding strata. Below the limestone are 
brackish-water beds full. of Cyreiia^ and traversed by bands abound- 
ing in Corhula and Melania. These are based on a purely marine 
deposit, with Pecten^ Modiola^ Avicula^ Thracia^ all unrlescribed 
shells. Below this, again, come limestones and shales, partly of 
brackish and partly of freshwater origin, in which many fish, 
especially species of hepidotus and Microdon rndiatuSy are found, 
and a crocodilian reptile named Macrorhyncm, Among the mollusks, 
a remarkabh? ribbed Melania^ of the section Chilhuiy occurs. 

Immediately below is the great and conspicuous stratum, 12 feet 


Fig. 3G9. Fig. 370. 



Hemicidaris Pxtrbeckensfs. E. Forbes. 
Miiidle Purbuuk. 



thick, long familiar to geologists under the local name of “ Cinder- 
bed,” formed of a vast accumulation of shells of Ostrea distorta^ 


Fig. 371. 



Cyprides from thf Middle Purbecks. 

a* Cypris siriato-punctatot E. Forbes, b. Cypris /asciculata, E. Forbes, e, Cypris granulaiOt ^ow. 
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Fig. 372. 
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(fig. 369.). In the uppermost part of this bed Professor Forbes 
discovered the firqt echinoderm (fig. 370.) as yet known in the Pur- 
beck series, a species of HemicidariSy a genus characteristic of the 
Oolitic period, and scarcely, if at all, distinguisha)^o from a pre- 
viously known Oolitic species. It was accompanied by a species of 
Perna, Below the Cinder-bed freshwater strata are again seen, 
filled in many places with species of Cypris (fig. 371. a, by c.), and 
with Valvatay Paludinay Planorbisy LimTUBUy Physa (fig. 372.), and 
Cyclasy all different from any occurring higher in the series. It 
will bo seen that Cypris fasciculata (fig. 371. 
h.) has tubercles at the end only of each 
valve, a character by which it can be imme- 
diately recognized. In fact, these minute 
crustaceans, almost as frequent in some of the 
shales as plates of mica in a micaceous sand- 
stone, enable geologists at once to identify the 
Middle Purbeck in places far from the Dorset- nri»tomt\ e. Forbei. 
shire cliffs, as, for example, in the Vale of Middle Purbeck. 
Wardour, in Wiltshire. Thick siliceous beds of chert occur in the 
Middle Purbeck filled with mollusca and cy prides of the genera 
already enumerated, in a beautiful state of preservation, often con- 
verted into chalcedony. Among these Professor Forbes met with 
gyrogonites (the spore-vessels of Char(B)y plants never until 1851 
discovereil in rocks older than Eocene. 

Fossil Mammalia of the Middle Purbeck ^ — In the fourth edition of 
this work (1852), after alluding to the discovery of numerous insects 
and air-breathing mollusca in the “Purbeck,” I reniarkcd that, 
although no mammalia had then been found, “ it was too soon to infer 
their non-existcnce on mere negative evidence.” Only two years 
after this remark was in print, Mr. W. R. Brodie found in the 
Middle Purbeck, about twenty feet below the “ Cinder ” above alluded 
to, in Durdlestono Bay, portions of several small jaws with teeth, 
which Professor Owen, after clearing away the matrix, recognized 
as belonging to a small mammifer of the insectivorous class. The 
teeth with pointed cusps resemble in some degree those of the Cape 
IVTole {J2hrysochlora aurea) ; but the number of the molar teeth (at 
least ten in each ramus of the lower jaw) accords better with some 
of <he extinct mammalia of the Stoneslield Oolite (see below, p. 402.). 
This newly-found quadruped, therefore, seems to have been more 
closely allied in its dentition to the Amphitherium (or Thylacothe- 
riiim) than to any existing insectivorous type. The angular pro- 
cess of the jaw, as in Amphitheriumy is not bent inwards, an 
osteological peculiarity confined to the marsupial tribes, and Pro- 
fessor Owen therefore at first referred the Spalacotherium to the 
placental or ordinary monodelphous mammalia. 

Four years later (in 1856) the remains of twelve or more species 
of warm-blooded quadrupeds were exhumed by Mr. S. H. Beckles, 
F.R.S., from the same thin bed of marl near the base of the Middle 
Purbeck. In this marly stratum many reptiles, several insects, and 
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some freshwater shells of the genera Paludina^ Planorbis^ and 
Cyclas were found. 

Mr. Heckles had determined thoroughly to explore the thin layer 
of calcareous inud from which in the suburbs of Swanage the bones 
of the Sttalacotherium had already been obtained, and in three weeks 
he brought to light from an area forty feet long and ten wide, and 
from a layer the average thickness of which was only five inches, 
portions of the skeletons of six new species of mammalia, as inter- 
preted by Dr, Falconer, who first examined them. Before the 
beginning of the year 1857 the number of species recognized by the 
eminent zoologist last mentioned amounted to seven or eight, exclu- 
sive of two which had already been found by Mr. Brodie and named 
by Professor Owen. Before these interesting inquiries were brought 
to a close, the joint labours of Professor Owen and Dr. Falconer had 
made it clear that twelve or more species of mammalia characterized 
this portion of the Middle Purbcck, most of them instjctivorous or 
predaceous, varying in size from that of a mole to that of the common 
polecat, Mustela piitorius. While the majority had the character of 
insectivorous inarsu])ia1s, Dr. Falconer selected one as differing widely 
from the rest, and pointed out that in certain characters it was allied 
to the living Kangaroo-rat, or Jlypsiprymnus^ ten species of which 
now inhabit the prairies and scrub-jungle of Australia, feeding on 
])lants and guawing scratched-up roots, A striking peculiarity of 
their d(.‘ntition, one in which they dilfer from all other quadrupeds, 
consists in their having a single large pre-molar, the enamel of which 
is furrowed with vertical grooves, usually seven in number (see /, 
lig. 373., where the pre-molar of the recent Jlypuprymnus Gnimardi 
is rc])resente(l). 

The largest prc-molar in tlie fossil genus exhibits in like manner 
seven j>arallel grooves, producing by their termination a similar 
serrated edge in the crown ; but their direction is diagonal — a dis- 
tinction, says Dr. Falconer, which is “ trivial, not typical.” 

As these oblicpie furrows form so marked a character of the 
majority of the teeth. Dr. Falconer has proposed for the fossil the 
generic name of Vlagiaulax. The shape and relative size of the 
incisor a, tigs. 373. and 374., exhibit a no less striking similarity to 
Jlypsiprymnus. Neverthehjss, the more sudden upward curve of 
this incisor, especially in the larger species, as well as the number 
and characters of the other teeth, and the shortening, compression, 
and depth of the jaw, taken together with the backward projection 
of the condyle (d, fig. 373.), indicate a great deviation in the form of 
Plagiaulax from that of the living kangaroo -rats. 

Our knowledge is at present confined to two fossil specimens of 
lower jaws*, evidently referable to two distinct species, extremely 
unequal in size and otherwise distinguishable. The largest, P. 
Becklcsii (fig. 373.), was about as big as the English squirrel or the 

* Three additional specimens of P, confirm Dr. Falconer’s conclusion pre- 
Bcchlesii have since been found, some viously expressed in regard to the affinity 
with the two back molars entire. They of Plugiaulax and Microlestcs. 
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flying pimlanger of Australia {Petaurus Australis^ Waterhouse). 
The skeleton of this phalnngcr (named P, macrurus^ No. 1849.» Mu- 
seum of College of Surgeons) measures fifteen inches in length, 


Fig. 373. 



riaf’iaitlax Beckh'sii^ Fiilconer. 

'Thpse two fi£»*jrps ri'prpjictit tho sunn* right ramus: of tho lower jaw seen mi th<» opposite 
surfarcs of a split htonc, tlio two taken together affording data for a complete rosUwation of 
the jaw. 

Upper Jinure {outer »ide). 

a, ft, e\ Right ramus oflowor jaw magiiifted two diameters, a, h, outer side, b, o\ rf', c\ im- 
piesbion of inner side. 

a. Incisor. 

b, r. lane of vertical fracture behind the pre.molars. 
ft'. Iinpi chsidu of the condyle in tin- matrix. 

<■'. Impression often* of con>n*ild nnwess. 

/. Section of the anterior jncce of the jaw .at the fracture h. r,-- r, inner surface ; y. outer 
The notch at the top is formed by one of tin; soi kets of tlie doublc'langcd true 
molar. 

/T. Section of the binder piece near ft, c ; r, inner: outer Mirfacc. 
fi\ Iboken-off iiitlccted fold of inner margin buried in tiu* in.itnx, 

»w. Sockets oi two inobirs. 

p, in. Tlirec prK*inoUirB, the third and last divided by a crack. 

Lower figure {inner suie). 

a\ d. Same lower jaw on the opposite slab of stone : ft r/, c, inner side ; ft, ri', ft, cast .and im» 
pre^ston of outer side. 
a\ Outline of the incisor restored, 
ft, c. Line of vertiial fracture. 

d. ('<Midyle. , 

e. Coronoid. 

ft. Impicshion on the matrix of tlic three pre-mo1ar.s, 

». l''m|tty sockets of tin- two true molars. 

n. Orifice ot denlary canal. 

o. Indication of the railed and inflected fold of the posterior inner margin. 

ft. Third nr largest fire-molar, niagiiilicd .“ii diameters, Hhowing the 7 ili.tgonal grooves. 

1. Corrchponiiiiig pre-niol.ar in the recent Australian Hypsipryiiiuns Oaim.irdi, sliuwing 
tlie 7 \ertical grooves, maguihcd 3| diameters. 


exclusive of the tail, which is more than eleven inches long. The 
smaller fossil (P. minor, fig. 374.), having only half the linear dimen- 
sions of the other, was probably only l-12th of its bulk. It is of 
peculiar geological interest, 'because, as shown by Dr. Falconer, it.s 
two back molars bear a decided resemblance to those of the Triassic 
Microlestes {b, c, fig. 375.), the most ancient of known mammalia, of 
which an account will be given in Chapter XXII. When Dr. Falconer, 
in 1857, pronounced the Phigiaulax to be marsupial and herbivorous, 
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he also regarded it as having the form of a rodent ; but he did not 
overlook that in some of its characters, especially in the coronoid, 
it reHembl( 3 d certain predaceous marsupials more than those of the 
herbivorous class. Professor Owen attaches greater importance to 


Fig. 374. 



Plagiaulax minor, Falc. 

(Magnilled 4 diameters.) 

All the teeth in thin specimen are in place and well preserved. The hlnuir part of the jaw- 
bone, with the ascending ramus and posterior angle, arc broken away. 

41, b, Riaht rainns of lower jaw, with all the teeth miignilled 4 diameters. 

a. lucisor with point broken ofT. n\ impresidnii of sutue, showing that the inner side near 

the apex was hollowed out In a longitudinal direction. 

b. Offset of coronoid, the rest of winch is wanting. 

m. Tlie two true molars. 

p, tn. Tile four prc^molars. 

c. The first molar, magnified 8 diameters. 

Upper figure, the crown. Lower figure, lido view. 

d. Second molar, crown and side view. 

e. Straight line Indicating the leiigth of the Jaw, natural size. 

these characters, and has declared his opinion that the Plagiaulax 
was carnivorous, or that it fed on small insectivorous mammalia and 
lizards.* Dr. Falconer objects that the inference as to the preda- 
ceous habits of Plagiaulax Becklesiiy drawn from the upward curve 
of the incisor (a., fig. 373. p. 381.), is neutralized by the more 
liorizontal positioii of the same incisor in the smaller species (tf., 
fig. 374.), to say nothing of the fact that in the living vege- 
table-feeding Koala {Pliascolarctus cinereus) tho incisor is also pro- 
jected forwards with a slight upward inclination, as in P, BecIdesiL\ 
The same anatomist also insists, and apparently with no small force 
of reasoning, on the analogy of the pre-molar of Plagiaulax (/<., fig. 
373. p. 381.), with that of the kangaroo-rat (/, ibid.). The reader 
will so(3 tliat the grooves in Plagiaulax are close set, perfectly 
parallel, and that they also corresp^ nd in num*ber with those of the 
living liypsipryniiius ; and if he will compare them, as 1 have done, 
with the sinuous and bifurcating furrows on the pre-molar of tho 
fossil Thylacoleo, to which Professor Owen has likened them, ho 
will, 1 think, be as much at a loss as Dr. Falconer to recognize any 
resemblance between them. 

All the fossil bones of mammalia discovered before the year 1857, 
in rocks older than the tertiary, had consisted exclusively of single 
branches of lower jaws, and it is a singular fact that JMr. Beckles 

* Owen's Palaiontolopy, p. srtS, 
f Falconer, Gcol. Quart. Journ., vol, xviii. p. 357. 
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should have sent to London in that joar the first known example of 
tho upper portion of the skull of a secondary mammal consisting, as 
Dr. Falconer pointed out to me at the time, of the two frontal and 
the two parietal bones in a good state of preservation, with the 
sagittal crest well marked, and the occipital also with its crest. 
Although the lateral and basal portions of this cranium were 
wanting, enough remained to show that it agreed with the ordinary 
type of living warm-blooded quadrupeds. 

In the sanio slab with this cranium occurred the entire side 
of the lower jaw of another quadruped, to whirh Professor Owen 
gave the gent^ric name of Triconodon. It contains eight molars, 
a large and prominent canine, and one broad and thick incisor. 
This creature must have been nearly as largo as the common 
hedgehog. 

Several other jaws with similar tricuspid teeth of larger dimen- 
sions, found by Mr. Beckles, indicate the Existence of another 
species of Triconodon of a more elongated form, and about one- 
third larger in size. Its marsupial character was inferred by Dr. 
Falconer from tho number of the true molars, the strong inflected 
angular process, the broad salient everted rim of the ridge which is 
decurrent on the outer side from the condyle along the inferior 
margin, and tho marked development of the mylo-hyoid groove. 
He also observed that these two species of Triconodon were more 
like small ferine animals than mere insectivorous marsupials, and 
that they probably fed on prey less minute than insects. This 
opinion he deduced from the cutting character of their teeth, and 
their comparatively formidable canines, together with tho form of 
tho ascending ramus. 

Professor Owen has proposed the name of Galestes for tho largest 
of tho mammalia discovered in 1858 In Purbeck, equalling the pole- 
cat (^Mustela putorius) in size. It is supposed to have been preda- 
ceous and marsupial. Its generic character is derived from a 
peculiar modification in the form of one of tho pre-molars, which 
has a single external vertical groove. 

When Mr, Beckles had found the remains of twenty-eight distinct 
individuals of Purbeck mammalia, and Mr. Brodio seven other 
specimens, they all consisted of lower jaws, and only five of them 
had upper jaws in connection ; and the ten other specimens of 
oolitic mammalia belonging to four species discovered at Stoncsfield 
were in like manner all represented by lower jaws. That between 
forty and fifty pieces or sides of lower jaws with teeth should have 
been found in oolitic strata, and with them only five upper maxil- 
laries, together with one portion of a separate cranium, will 
naturally excite surprise. There were no examples in Purbeck of 
an entire skeleton, nor of any considerable number of bones in 
juxtaposition. In several portions of the matrix there were 
detached bones, often much decomposed, and fragments of others 
apparently mammalian ; but, if all of them were restored, they 
would scarcely suiBce to couiplcce the live skeletons to which the 
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five upper maxillaries above nlliKletl to belonged. As the average 
number of pieces in each mammalian skeleton is about 250y there 
must bo many thousands of missing bones; and when we endeavour 
to account for their absence, we are almost tempted to indulge in 
•speculations like those once suggested to me by Dr. Buckland, when 
ho tri( 3 d to solve the enigma in reference to Stonesfield : — “ The 
corpses,” he said, “ of drowned animals, when they float in a river, 
distended by gases during putrefaction, have often their lower jaw 
hanging loose, and sometimes it has dropped off. The rest of the, 
body may then be drifted elsewhere, and sometimes may be swal- 
lowed entire by a predaceous reptile or fish, such as an ichthyosaur 
or a shark.” 

Wo may also suppose that when fish or other aquatic animals 
attack a d(3caying carcase, whelher it be floating or has sunk to tin* 
bottom, they will first devour those parts which are covered witli 
flcsiu A lower jaw, consisting of little else than bones and toetli, 
will bo neglected, and becoming detacbed, may be. drifted away by 
a current of moderate velocity, and buried apart liom tlic other 
bones in sand or mud. 

As all tlio above-moritioned Purbock mammalia, belonging to 
eight <u* nine genera and to about fourteen species of insectivorous, 
predaceous, and herbivorous marsupials, have been obtained from 
an area less than 500 square yards in extent, and from a single 
stratum not more than a few inches thi^‘k, we may safely eoncliid(» 
that the whole lived together in tlic same region, and in all likeli- 
hood they eoii'^titnted a mere fraction of the mamiiialia which in- 
habited tliC lands drained by one river and its tributaries. They 
afford the nr 4 positive t)roof as yet obtained of the co-(*\istenre of 
a varied fauna of the liighesi class of vertebrata with that anif>le 
development of reptile life which marks all the periods from tli 
Trias to the Lower Cretaceous inclusive, and with a gyrnnospermons 
flora, or that state of the vegetable kingdom wln*n cycads ainl 
conifers predominated over all kinds of plants, except the ferns, so 
far at hnist as our present imperfect knowledge of fos.sii botany 
entitles us to speak. 

The annexed table will enable the reader tu ee at a glance liow 
con.«picuoiis a. part, numerically considered, the mammalian species 
of the Middle Purbeck now play wlien compared with those of other 
formations more ancient than the Paris gypsum, and at the same 
time it will help him to ap])reciato the enormous hiatus in the his- 
tory of fossil mammalia, which at present occurs between the Purbeck 
and Kuceno periods. 
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JVumber and Distribution of all the known Species of Fossil Mam* 
malia from Strata older than the Paris Gppsum^ or than the 
Bembridge Series of the Isle of Wight. 


thel 
teau- > 


Tebtiabt. 


rHeadon Series and Beds between the 
Pans Gypsum and the Gr^s de Beau 
champ ..... 
Barton Clay and Sables de Beauchamp 

Bagshot Beds, Calcaire Grossier, and I 
Upper Soissonnais of Cuissc-Lamotto / 

London Clay, including the Kysou Sand 
Plastic Clay and Lignite 


Sables de Bracheux 
Thanct Sands and Lower Lan 
Belgium ... 

^Macstncht Chalk - 
White Uhalk - 
Chalk Marl - 
Upper Greensand 
Gdult - - - - 

Lower Ortonsand 
aid Clay, Ac. - 
Hastings Sand 
Cpp(r Purb ok Oolite - 
Middle Piubeck Oolite - 
J Purbeck Oolite - 

Sbcohdaiit. ■! Ool.tc . - 

Kimmcridgc PUy - 
Coial Kxg - 
( ordCliy . - - 

Great Oolite - - - 

Inferior Oolite 
Lias - r - - 

Upper Trias - - - 

Middle . - - - 

Lower - - - 


PniMART. 


ft’crniian 
Carboniferous 
Silurian - 
Cambrian 


denian of 


^10 English. 




French. 


20 


ri6 Proii 
•{ 1 Eng] 
I SUSi 


French. 
English. 
States.* 
All English. 

7 Ficnch 
2 English. 
French. 


{ 


0 

0 

0 

0 

0 

0 

0 

0 

0 

14 Swanage. 
0 
0 
0 


otoncsfield. 

{ Wiirtcmberg. 
bomersetsh. 
N. Carolina. 


In drawing up the above "bio I have been assisted by Professor Owen in re- 
ference to the Biitis], and by MM. Lartet and Hebert in reference to the fossil 
mammalia of the French Eocene strata. Thcie are, besides, scxcral uiidescnbcd 
species in the collection of the two last-mentioned pala'ontologists, or in inubenms 
known to them , and, in regard to one or two of the Eocene continental localities 
out of the Pans basin, the age of the deposits is too little known to allow us to in- 
clude their fossils 111 the tabic. 

The Sables dc Biacheiix, enumerated in the Tertiary division of the table, sup- 
T osedby Mr. Pre&tvuh to he somewhat newer than the Thanet Sands, and by M. 
Hi belt to be of about that age, have yielded at LaFcrc the Arctocyon {Palopocym) 
pumavus, the oldest known tertiary mammal. 


It is worthy of notice, that in the Hastings Sands there are cei tain 
laycis of clay and saud'.tone in which numerous footiiriiits of qua- 
drupeds have been found by Mr. Beckles, and traced by him in the 


* I allude to several Zeuglodons found in Alabama, and referred by some 
zoologists to three species. * 

C C 
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same set of rocks through Sussex and the Isle of Wight. They 
appear to belong to three or four species of reptiles, and no one of 
them to any warm-blooded quadruped. They ought, therefore, to 
serve as a warning to us, when we fail in like manner to detect 
mammalian footprints in older rocks (such as the New Red Sand- 
stone), to refrain from inferring that quadrupeds, other than rep- 
tilian, did not exist or pre-exist. 

But the most instructive lesson read to us by the Purbeck strata 
consists in this : — They are all, with the exception of a few interca- 
lated brackish and marine layers, of freshwater origin ; they are 
160 feet in thickness, have been well searched by skilful collectors, 
and by the late Edward Forbes in particular, who studied them for 
inoutlis consecutively. They have been numbered, and the contents 
of each stratum recorded separately, by the officers of the Govern- 
ment Survey of Great Britain. They have been divided into three 
distinct groups by Forbes, each characterized by the same genera of 
pulmoniferous mollusca and cyprides, but these genera being repre- 
sented in each group by different species ; they have yielded insects 
of many orders, and the fruits of several plants ; and lastly, they 
contain “dirt-beds,” or old terrestrial surfaces and soils at different 
levels, in some of which erect trunks and stumps of cycads and 
conifers, with their roots still attached to them, arc preserved. Yet 
when the geologist inquires if any land-animals of a higlier grade 
than reptiles lived during any one of these three periods, the rocks 
are all silent, save one thin layer a few inches in thickness ; and this 
single page of the earth’s history has suddenly revealed to us in a few 
weeks the memorials of so many species of fossil mammalia, that they 
already outnumber those of many a subdivision of the tertiary series, 
and far sur])ass those of all the other secondary rocks put together ! 

Next anterior in ago to the Purbeck mammalia are tlioso of the 
Lower Oolite at Stonesfield, to bo mentioned at page 404. These 
are all very small, comprising four species, three of which are cer- 
tainly marsupial, and the other possibly placental, but so unlike any 
living type that some doubts arc entertained as to whether it may 
not have been marsupial. Still older than the above are some fossil 
quadrupeds, also of small size, found in the Upper Trias of Stuttgardt, 
in Germany, and more lately by Messrs. Charles Moore and W. Boyd 
Dawkins, in beds of corresponding age in Somersetshire, which are 
also of a very low grade, like the Lving Myrmccobius of Australia. 

If the three localities where the most ancient mammalia have been 
found — Purbeck, Stonesfield, and Stuttgardt — had belonged all of 
them to formations of the same age, we might well have, imagined 
80 limited an area to have been peopled exclusively with pouched 
quadrupeds, just as Australia now is, while other parts of the globe 
were inhabited by placentals, for Australia now supports one hun- 
dred and sixty species of marsupials, while the rest of the continents 
and islands are tenanted by about seventeen hundred species of mam- 
malia, of which only forty-six are marsupial, namely, the opossums 

North and South America. But the great difference of age of 
the strata in each of these three localities seems to indicate the pro- 



LOWER PUBBECK. 


Ch. XX.] 


387 


dominance throughout a vast lapse of time (from the era of the 
Upper Trias to that of the Purbeck beds) of a low grade of quadru- 
peds ; and this persistency of similar generic and ordinal types in 
Europe while the species were changing, and while the fish, reptiles, 
and mollusca were undergoing vast modifications, would naturally 
lead us to suspect that there must also have been a vast extension 
in space of the same marsupial forms during that portion of the 
secondary epoch which has been termed the age of reptiles.” Such an 
inference as to the wide geographical range of tlie marsupials of the 
olden time has been confirmed by the discovery in the Trias of North 
America of three lower jaws of a quadruped allied to Myrmecobius. 
It was found by the late Dr. Eramous in beds probably coeval with 
the “ Keuper ” of Europe. The predominance in earlier ages of these 
mammalia of a low grade, and the absence at present of species of 
higher organization, is certainly in favour of the theory of progressive 
development. 

Beneath the freshwater strata to which the mammaliferous marl 
belongs is a thin band of greenish shales, with marine shells and 
impressions of leaves, like those of a largo Zostera^ forming the base 
of the Middle Purbeck. 

Lower J^rbeck, — Beneath the thin marine band last mentioned, 
purely freshwater marls occur, containing species of Cypris (fig. 3To, 
r/, h)y Valvata^ and LimiKsa^ dif- 
ferent from those o^ the Mid- rig. 378. 

die Purbeck. This is the be- 
ginning of the inferior division, 
which is about 80 feet thick. 

Below the marls are seen, at 
Meup’s Bay, more than 30 feet of 
brackish- water strata, abound- 
ing in a species of Serpula, allied 
to, if not identical with, Serpula ‘ 
coacervites, found in beds of the 
same age in Hanover. There are also shells of the genus Rissoa (of 
the subgenus Hydrobia\ and a little Cardium of the subgenus Pro- 
tocardium, in these marine beds, together with Cypris. Some of the 
cypris-bearing shales are* strangely contorted and broken up, at the 
west end of the Isle of Purbeck. 

The great dirt-bed or vegetable ***** 

soil containing the roots and stools 
of Cycadem^ which I shall pre- 
sently describe, underlies these 
marls, and rests upon the lowest 
freshwater limestone, a rock about 
eight feet thick, containing Cy^ 
clasj Valvata^ and LinintBa^ of the 
same species as those of the up- 

pormost part of the Lower Pnr- Buekbnd 

beck, or above the dirt-bed. Ihe 

CO 2 



Cyprides from the Lower Piirbccki. 
Cffpris Purheektnsit, b, Cypris punctata^ 
'* " ■ B. Forbes. 


B. Forbes. 
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freshwater limestone in its turn rests upon the top beds of the Port- 
land stone, which, although it contains purely marine remains, often 
consists of a rock quite homogeneous in mineral character with the 
Lowest Purbeck limestone.* 

The most remarkable of all the varied succession of beds enu- 
merated in the above list, is that called by the quarrymen ^‘the 
dirt,” or “ black dirt,” which was evidently an ancient vegetable 
soil. It is from 12 to 18 inches thick, is of a dark brown or black 
colour, and contains a large proportion of earthy lignite. Through 
it are dispersed rounded fragments of stone, from 3 to 9 inches in 
diameter, in such numbers that it almost deserves the name of 
gravel. Many silicified trunks of coniferous trees, and the remains 
of plants allied to Zamia and Cycas^ are buried in this dirt-bed (see 
figure of fossil species, fig. 376., and of living Zanday fig. 377.)^ 


Fig. 377. 



Zamia spiralis. Southern Australia. 


These plants must have become fossil on the spots where they 
grew. The stumps of the trees stand erect for a height of from one 
to three feet, and even in one instance to six feet, with their roots 
attached to the soil at about the same distances from one another as 
the trees in a modern forest.f The carbonaceous matter is most 
abundant immediately around the stumps, and round the remains of 
fossil Cycade<e,^ 

Fig. 378. 



J — - I freshwater calcareous slate. 


dirt-bod and ancient forest. 


lowest freshwater beds of the Lower 
Purbeck. 


Portland stone, marine. 


Section in Isle of Portland, '•Dorset. (Buckland and Do la Uecha.) 


Besides the upright stumps above mentioned, the dirt-bed contains 
the stems of silicified trees laid prostrate. These are partly sunk 

♦ Weston, GeoL Quart. Joum., vol Dirt-bed. 

▼iii. p. 1 17. t Fitton, Geol. Trans., Second Series, 

i Mr. Webster first noticed the erect vol. iv. pp. 220, 221. 
position of the trees, and described the 
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into tho black earth, and partly enveloped by a calcareous slate 
which covers the dirt-bed. The fragments of the prostrate trees are 
rarely more than three or four feet in length ; but by joining many 
of them together, trunks have been restored, having a length from 
the root to tho branches of from 20 to 23 feet, the stems being undi- 
vided for 17 or 20 feet, and then forked. The diameter of these 
near the root is about one foot^» Boot-shaped cavities wore observed 
by Professor Henslow to descend from tho bottom^ of tho dirt-bed 
into the subjacent freshwater stone, which, though now solid, must 
have been in a soft and penetrable state when the trees grew.* 

The thin layers of calcai*eous slato (fig. 378.) were evidently de- 
posited tranquilly, and would have been horizontal but for the pro- 
trusion of the stumps of the trees, around tho top of each of which 
they form hemispherical concretions. 

Tho dirt-bed is by no means confined to tho island of Portland, 
where it has been most carefully studied, but is seen in the same 
relative position in the cliffs east of Lulworth Cove, in Dorsetshire, 
where, as tho strata have been disturbed, and are now inclined at an 
angle of 45®, the stumps of the trees are also inclined at tho same 
angle in an opposite direction — a beautiful illustration of a change 
in the position of beds originally horizontal (see fig. 379.). Traces 


Fig. 379. 



Section in cliff eait of Lulworth Cove. (BuciUand and De la Bechc.) 


of the dirt-bed have also been observed by Mr. Fisher, at Ridgway ; 
by Dr. Buckland, about two miles north of Thame, in Oxfordshire ; 
and by Dr. Fitton, . in the clifis in the Bouloniiois, on the French 
coast: but, as might be expected, this freshwater deposit is of 
limited extent when compared to most marine formations. 

From the facts above described we may infer, first, that those beds 
of the Upper Oolite, called “tho Portland,” which are full of marine 
shells, were overspread with fiuviatile mud, which became dry land, 
and covered by a forest, throughout a portion of tho space now 
occupied by the south of England, the climate being such as to 
admit the growth of the Zamia and Cyccts. 2ndly. This land at 
length sank down and was submerged with its forests beneath a 

* Backland and De la Beche, Geol. subjacent rock is a freshwater limestone, 
Trans., Second Series, vol. iv. p. 16. and not a portion of the Portland oolite, 
Prof. Forbes has ascertained that tho as was previously imagined. 
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body of fresh water, from which sediment was thrown down enve- 
loping fluviatilo shells. 3rdly. The regular and uniform preservation 
of this thin bed of black earth over a distance of many miles, shows 
that the change from dry land to the state of a freshwater lake or 
estuary, was not accompanied by any violent denudation, or rush of 
water, since the loose black earth, together with the trees which lay 
prostrate on its surface, must inevitably have been swept away had 
any such violent catastrophe taken place. 

The dirt-bed has been described above in its most simple form, 
but in some sections the appearances are more complicated. The 
forest of the dirt-bed was not everywhere the first vegetation which 
grew in this region. Two other beds of carbonaceous clay, one of 
them containing CycadecB^ rn an upright position, have been found 
below it, and one above it, which implies other oscillations in the 
level of tho same ground, and its alternate occupation by land and 
water more than once. 


Table showing the changes of medium in which the strata were 
formed^ from the Portland Stone up to the Lower Greensand in- 
elusive^ in the south-east of England {Jteginning with the lowest)^ 


1. Marine 

2. Preshwater 
Land 

Freshwater 

Land 

Freshwater 

Land (Dirt-bed) 

Freshwater 

Land 

Brackish 

Freshwater 


Portland Stone. 


' Lower Purbcck. 


3. Marine 
Freshwater 
Marine 

Brackish - I^Uddlc Purbeck. 

Marino 

Brackish 

Freshwater j 

4. Freshwater Upper Purbeck. 

5. Freshwater *) 

Brackish > Hastings Sands. 
Frcshwaler ) 

6. Freshwater Wcaldcn Clay. 

7. Marine Lower Greensand 


The annexed tabular view will enable the reader to take in at a 
glance the successive changes from sen to river, and from river to 
sea, or from these again to a state of land, which have occurred in 
this part of England between the Oolitic and Cretaceous periods. 
That there have been at least four changes In the species of testacea 
during the deposition of the Wcalden and Purbeck beds, seems to 
follow from the observations recently made by Professor Forbes ; so 
that, should we hereafter find the signs of many more alternate 
occupations of the same area by different elements, it is no more 
than we might expect. Even during a small part of a zoological 
])eriod, not sufficient to allow time for many species to die out, we 
find that the same area has been laid dry, and then submerged, and 
then again laid dry, as in the D,«ltas of the Po and Ganges, the his- 
tory of which has been brought to light by Artesian borings.* We 
also know that similar revolutions have occurred within the present 
century (1819) in the delta of tho Indus in Cutchf, where land has 


• Sec Principles of Geol,, 9th cd., f Ibid., p. 460. 
pp. 255. 275. 
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been laid permanentlj under the waters both of the rirer and sea, 
without its soil or shrubs having been swept awaj. Even inde- 
pendently of any vertical movements of the ground, we see in the 
principal deltas, such as that of the Mississippi, that the sea extends 
its salt waters annually for many months over considerable spaces 
which, at other seasons, are occupied by the river during its inun- 
dations. 

It will be observed that the division of the Purbecks into upper, 
middle, and lower has been made by Professor Forbes strictly on the 
principle of the entire distinctness of the species of organic remains 
which they include. The lines of demarcation are not lines of dis- 
turbance, nor indicated by any striking physical characters or mineral 
cliauges. The features which attract the eye in the Purbecks, such 
as the dirt-beds, the dislocated strata at Lulworth, and the Cinder- 
bed, do not indicate any breaks in the distribution of organized 
beings. ‘‘ The causes which led to a complete change of life tliree 
times during the deposition of the freshwater and brackish strata 
must,*’ says this naturalist, bo sought for, not simply in either a 
rapid or a sudden change of their area into land or sea, but in the 
great lapse of time which intervened between the epochs of deposition 
at cerUiin periods during their formation.” 

Each dirt-bed may, no doubt, be the memorial of many thousand 
years or centuries, because we find that 2 or 3 feet of vegetable soil 
is the only monument which many a tropical forest has left of its 
existence ever since the ground on which it now stands was first 
covered with its shade. Yet, even if we imagine the fossil soils of 
tlie Lower Purbeck to represent as many ages, we need not expect on 
tliat account to find them constituting, the lines of separation be- 
tween successive strata characterized by different zoological types. 
The preservation of a layer ot vegetable soil, when in the act of 
being submerged, must bo regarded as a rare exception to a gonoral 
rule. It is of so perishable a nature, that it must usually be carried 
away by the denuding waves or currents of the sea, or by a river ; 
and many Purbeck dirt-beds were probably formed in succession and 
annihilated, besides those few which now remain. 


The plants of the Purbeck bods, so far as our knowledge extends 
at present, consist chiefly of'" Ferns, Couifera; (fig. 

380.), and Cycadem (fig. 376.), without any angio- 
sperms ; the whole more allied to the Oolitic than 
to the Cretaceous vegetation. The vertebrate and 
invertebrate animals indicate, like the plants, a , 
somewhat nearer relationship to the Oolitic than 
to the Cretaceous period. Mr. Brodio has found the 
remains of beetles and several insects of the homop- 
terous and trichopterous orders, some of which 
now live on plants, while others are of such forms i»i?Jfp»rrElSk.*(FittonO 
as hover over the surface of our present rivers. 

Portland Oolite and Sand {b. Tab., p. 375.). — The Portland oolite 
has already been mentioned as forming in Dorsetshire the founda- 
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tion on which the freshwater limestone of the Lower Purbeck 
reposes (see p. 387.)* It supplies the well-known building-stone of 
which St. Paul’s and so many of the principal edifices of London are 
constructed. This upper member rests on a dense bed of sand, called 
the Portland sand, containing for the most part similar marine fossils, 
below which is the Kimmeridge clay. In England these Upper 
Oolite formations are almost whoUy confined to the southern coun- 
ties. Corals aro rare in them, although one species is found plenti- 
fully at Tisbury, Wiltshire, in the Portland sand, converted into 
fiint and chert, the original calcareous matter being replaced by 
silex (fig. 381.). 

The Kimmeridge clay consists, in great part, of a bituminous 
shale, sometimes forming an impure coal, several hundred feet in 
thickness. In some places in Wiltshire it much resembles peat ; and 


Fig. 381. 



Jsattraa oblonga, M Edw. iind J. Haime. 
Ai lecn on a poliiihed ilab of chrrt from 
the Fortland Sand, Tlsbury. 


Fig. 3R3. 



Cardium dissimite. \ nat. ilse. 
Fortland Stone. 


Fig. 382. 



Trigonia gibbosa. ^ nat. lize. 
^ a. the hingp. 

Fortland Stone, Tisbury. 

Fig. 384. 



0»trea expan$a, 
Fortland Sand. 


the bituminous matter may have been, in part at least, derived from 
the decomposition of vegetables. But as impressions of plants are 
rare in these shales, which contain ammonites, oysters, and other 
murine shells, the bitumen may perhaps of animal origin. 

Among the characteristic fossils may be mentioned Cardium stria^ 
tulum (fig. 383.) and Ostrea deltoidea (fig. 386.), the latter found in 
the Kimmeridge clay throughout England and the north of France, 
and also in Scotland, near Brora. The Grypheea virgula (fig. 387.), 
also met with in the same clay near Oxford, is so abundant in the 
Upper Oolite of parts of France as to have caused the deposit to be 
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Fig. 886. 


Fig. 887. 




Cardhnn ttriatulum, 
Kimmeridge ciay, Hartwell. 


Fig. 38R. 



Trigonelhtes latus» 
Kiiumeridge clay. 


termed “marncs k grjphdes virgules.” Near Clermont, in Argonne, 
a few leagues from St. Menehould, where these indurated marls 
crop out from beneath the gault, I have seen them, on decomposing, 
leave the surface of every ploughed field literally strewed over with 
this fossil oyster. The Trigonellites latus {Aptychus^ of some au- 
thors) (fig. 388.) is also widely dispersed through 
this clay. The real nature of the shell, of which 
there are many species in oolitic rocks, is still a 
matter of •conjecture. Some arc of opinion that the 
two plates formed the gizzard of a cephalopod ; for 
the living Nautilus has a gizzard with horny folds, 
and the Bulla is well known to possess one formed 
of calcareous plates. 

The celebrated lithographic stone of Solenhofen, in Bavaria, be- 
longs to one of the upper divisions of the oolite, and affords a re- 
markable example of the variety of fossils which may be preserved 
under favourable circumstances, and what delicate impressions of 
the tender parts of certain animals and 
j)lants may be retained where the sediment 
is of extreme fineness. Although the num- 
ber of testacea in this slate is small, and the 
plants few, and those all marine, Count 
Munster had determined no less than 237 
species of fossils when I saw his collection 
in 1833 ; and among them no less than 
seven species of flying lizards or pterodac- 
tyls (see fig. 389.), six saurians, three tor- 
toises, sixty species of fish, forty-six of 
Crustacea, and twenty-six of insects. These 
insects, among which is a libcllula, or dra- 
gon-fly, must have been blown out to sea, 

probably from the same land to which the oouteof p.pp.ni..im.u«„soteD. 
flying lizards, and other contemporaneous **®fe“* 

reptiles, resorted. 

In the same slate of Solenhofen a fine example was met with in 
1 862 of the skeleton of a bird almost entire, with the exception of 
the head, and retaining even its feathers. This valuable specimen 
is now in the British Museum, and has been called by Professor 


Fig. 389. 



Skeleton of Pterodaetylut 
erasttrostru. 
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Owen ArchxBopteryx macrura. According to his interpretation, it 
is a true bird, and not intermediate, as was at first imagined, between 
a bird and reptile. It was about the size of a rook. It differs re- 
markably from all known birds in having two free claws belonging 
to the wing, and in the structure of its tail ; for in almost all living 
representatives of the class Aves, the tail feathers are attached to a 
coccygian bone, consisting of several vertebrm united together, 
whereas in the Archaeopteryx the tail is composed of twenty verte- 
bra;, each of which supports a pair of quill feathers so perfect that 
tlie vanes as well as the shaft are preserved. The first five only of 
the vertebrae as seen in A. have transverse processes, the fifteen re- 
maining ones become gradually longer and more tapering. The 
feathers diverge outward from them at an angle of 45° ; but this 
departure from the true ornithic type occurs, says Professor Owen, 
in that part of the skeleton which is most subject to variation. 


Fig. 390. 



Tftll of Archteopteryx macrura^ Owrn, and Feather of A. lifhogrttphirt^ Meyer, from tlio 
slaic of Soleiihoftfii i and tail of living bird for coinpunsuii. 

A. Series of caudal verteltrs (with imprri»sioiis of the tail-feathors preserved in »itu) of Ar~ 

chaop/eryx maentra, Owen. | iiat. size. Drawn from the spcciinen in the llritiith 
Museum (ventral aspect). 

B. Two of the caudal vertebra;, iint. size, showing their shape and the absence of transverse 

processes. 

C. Single fentlier, called Archo’oplt’ryx lithogrnphica by Von Meyer. Natural size. 

This feather, upon which the genus w.is e^taidished in 1861, was discovered at Solen- 
hofen. See “ Jalirbuch liir Mineralogie,” IWil, p. 561. 

D. Tail of recent vulture, (Gyps Jirnffu/rasis), show\ng the points of attachment for the 

principal tail-feathers (dms.d view, ^ iiat. size). 

E. Froiile of CRiulal vertebra; of same, to show the broad terminal ^oint, or "ploughshare" 

bone,/, of the tail, the same as that -seen foreshortened at/ D, so largely developed in 
nearly all living birds. | iiat. size. 

N.H Tlip figures 1 to G indicate the correspondence between the vertebre in the two 

Tit ws 1) ami E . 

/K nnd/D indicate the position of the terminal joint. 

The dotted li^es E, e, e, show the direction of the quill feathers of the tail when 
seen in prohle. 

The ploughshare bone can be elevated at pleasure (as seen at/E),toTnect the extended 
beak of the bird when seeking tliecucciglan oil-gland (which is placed upon this terminal 
Joint) to lubricate its feathers while preening. Only the "primaries" or great tail 
feathers are represented in fig. D ; the bases of these and the rest of the vertebrse are 
clothed in secondary feathers and down. 
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Thus there are short and long-tailed species of bats, rodents, and 
pterodactyles, with great variation in the number of their caudal 
vertebrie ; he also observes that although in living birds a 
nliort bony tail, and generally accompanied by a coalescence of the 
terminal vertebrsB to form the ploughshare bone f E., is a constant 
character, yet ail birds in their embryonic state exhibit the vertebras 
distinct and separate, so tliat the tail of the Archai^opteryx exhibits 
a retention of structure which is embryonal and transitory in the 
modern representatives of the class, and consequently a closer 
adhesion to the general vertebrate type.” In the young ostrich 
from eighteen to twenty caudal vertebra® may bo counted, seven or 
eight of which are annexed to the sacrum, while two. or three are 
welded together to form the slender terminal bone, which in this and 
other running birds {cursores) is not plpughshare-shaped. 

It has been jilready stated that no species of Eritish fossil, whether 
of the vertebrata or invertebrata, are common to the Oolite and 
Chalk, or, to speak more strictly, are common to the marine beds of 
these two groups which stand nearest to each other, .namely, the 
Portland limestone and the Athcrfield beds ; but while there is 
tliis great break in an upward direction, there is no similar dis- 
cordance as we proceed downwards, and pass from one to another 
of the several members of the Jurassic group, the Upper, Middle, 
and Lower Oolite, and the Lias. Thus, for example, I find on 
consulting Mr. Etheridge’s tables of British Fossils*, that of sixty 
species of all classes that lived in the period of tho Kimmcridge 
clay, twenty, or about 33 per cent., pass down into the Coral Rag; or, 
if wo confine our attention exclusivcdy to tho mollusca, of thirty- 
three species in tho Kimmeridge clay eight, or 24 per cent., aro 
common to the Coral Rag. 

MIDDLE OOLITE. 

Coral Rag . — One of the limestones of tho Middle Oolite has been 
called the “ Coral Rag,” because it consists, in part, of continuous 
beds of petrified corals, for the most part retaining the position in 
which they grew at the bottom of the sea. In their forms they more 
frequently resemble the reef-building poliparia of the Pacific than 
do the corals of any other member of the Oolite. They belong 
chiefly to the genera Thecosmilia (fig. 391.), Protoseris, and Tham- 
naslrcEa, and sometimes form masses of coral 15 feet thick. In the 
annexed figure of a ThamnastrcBa (fig. 392.), from this formation, it 
will be seen that the cup-shaped cavities arc deepest on the right- 
hand side, and that they grow more and more shallow, until those 
on tho left side are nearly filled up. The last-mentioned stars aro 
supposed to represent a perfected condition, and the others an imma- 
ture state. These coralline strata extend through tho calcareous 
hills of the N.W. of Berkshire, and north of Wilts, and again 

* Compiled for a work entitled, “ Strntigraphical Arrangement of British 
Fossils,” DOW preparing for publication by Mr. Etheridge. 
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recur in Yorkshire, near Scarborough. The Oatrea gregarea (fig. 
393.) is very characteristic of the formation in England and on the 
Continent. 


Fig. 391. 



Theeosmilia nnnularitt Milno Edw. nnd J. Haime. TAjvtnastrara. 

Coral rag. Steeple Ashton. Coral rag, Steeple Ashton. 


One of the limestones of the Jura, referred to the age of the 
English coral-rag, has been called Ncrinaean limestone ” (Calcaire 
a Nerinees) by M. Thirria ; Nerimea being an extinct genus of 
univalve shells, much resembling the Cerithium in external form. 
The annexed section (fig. 394.) shows the curious form of the 
hollow part of each whorl, and also the perforation which passes 
up the middle of the columella. N, Goodhallii (fig. 395.) is 
another English species of the same genus, from a formation which 


Fig. 394. 


Fig. 395. 



seems to form a passage fron the Eimmeridge clay to the coral 
rag.* 

A division of the oolite in the Alps, regarded by most geologists 
as coeval with the English coral rag, has been often named Gal- 
cairo h Dicerates,*’ or '^Diceras limestone,” from its containing 


Fitton, Geol. Trans., Second Series, vol. iv. FL 23. fig. 12. 
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abundantly a bivalve shell (see fig. 396.) of a genus allied to the 
Chama. 

Fig. 397. 


Flg.a96L 




Cait of Dieeras an'etina. 
Coral rag. France. 


Cidarii corontUa, 
Coral rag. 


Oxford CTay.— The coralline limestone, or “coral rag,” above 
described, and the accompanying sandy beds, called “calcareous 
grits,” of the Middle Oolite, rest on a thick bed of clay, called the 
“ Oxford clay,” sometimes not less than 500 feet thick. In this 
there are no corals, but great abundance of cephalopoda, of the 
genera Ammonite and Belemnite. (See figs. 398, 399.) In some of 

Fig. 39S. 


Belemnites hastatmi. Oxford clay. 

the finely laminated clays ammonites are very perfect, although 
somewhat compressed, and are frequently found with the lateral 
lobe expanded on each side of the opening of the mouth into a single 
horn-like projection (see fig. 399.). These were discovered in the 
cuttings of the Great Western Railway, near Chippenham, in 1841, 
and have been described by Mr. Pratt (An, Nat, Hist.y Nov. 1841). 


Fig. 399. 



Ammnftet (Jason, Refnecke. A. FJixtJmihto, Pratt.) 
Oxford clay, ChrittiaQ Malford, Wiltshire. 
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Fig. 400. Similar elongated processes bare been 



Belemnitea Puxosianus, 
If. OtpeniU PJerce. 

Oxford Clay, Christian 
Mal^rd. 

a, a, projecting processes 
of the shell or 
phragmocoiie. 
ft,c. broken exterior of a 
conical shell called 
the phrngmoc<»ne, 
which is chambered 
within, or composed 
of a senes of shullow 
concave cells pierced 
by a siphuncle. 
c, d. 'J'he Riiard or osselet, 
which is commonly 
called the bclcmnite. 


also observed to extend from the shells of 
some belemnites discovered by Dr. Man tell, in 
the same clay (see fig. 400.), who, by the aid 
of this and other specimens, has been able to 
throw much light on the structure of this and 
other singular extinct forms of cuttle-fish.* 

Kelloway rock , — The arenaceous limestone 
which passes under this name is generally 
grouped as a member of the Oxford clay, in 
which it forms, in the south-west of Engla^pd, 
lenticular masses, 8 or 10 feet thick, con- 
taining at Kelloway, in Wiltshire, numerous 
casts of ammonites and other shells. But iii 
Yorkshire this calcareo-arenaceous formation 
thickens to about 30 feet, and constitutes the 
lower part of the Middle Oolite, extending 
inland from Scarborough in a southerly 
direction. The number of mollusca which it 
contains is, according to Mr. Etheridge, 106, 
of which only twenty-three, or 22^ per cent., 
are common to the Oxford clay proper. Of 
the twenty Cephalopoda, eight (namely, one 
of the Sepia family, six species of ammonite, 
and tfie Ancyloceras Callovieiise) are common 
to the Oxford Clay, giving a proportion of 
40 per cent. 

If, on* the other hand, wo compare this 
fossils of all kinds in the Kelloway rock, 
amounting to 151 species, with the fossils of 
the underlying Lower Oolite, we find that 
seventy-four pass down into the older rocks, 
or about 49 per cent. ; or if we confine our 
attention to the mollusca alone of the Kello- 
way considered as the base of the Middle 
Oolite, and compare them with those of 
the Cornbrash, or the top member of the 
Lower Oolite, wo find 106 species in the 
Kelloway, and 123 in the Cornbrash, and 
twenty-two species common to the two, 
implying a community of 21 per cent, be- 
tween the two formations. 

LOWER OOLITE. 

Cornbrash and Forest Marble , — The 
upper division of this series, which is more 


extensive than the preceding or Middle Oolite, is called in England 


* See Phil Trans. 1850, p. 393.; also Huxley, Memoirs of GcoL Survey, 1864. 
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the Cornbrash. It consists of clays and calcareous sandstones, 
^vliich pass downwards into the Forest Marble, an argillaceous lime- 
istone, abounding in marine fossils. In some places, as at Bradford, 
this limestone is replaced by a mass of clay. The sandstones of 
the Forest Marble of Wiltshire are often ripple-marked and filled 
with fragments of broken shells and pieces of drift-wood, having 
evidently been formed on a coast. Rippled slabs of fissile oolite are 
used for roofing, and have been traced over a broad band of country 
from Bradford in Wilts, to Tetbury in Gloucestershire. These 
calcareous tile-stones are separated from each other by thin seams of 
clay, which have been deposited upon them, and have taken their 
preserving the undulating ridges and furrows of the sand in 
such complete integrity, that the Impressions of small footsteps, 
apparently of crustaceans, which walked over the soft wet sands, are 
still visible. In the same stone the claws of crabs, fragments of 
echini, and other signs of a neighbouring beach, arc observed.* 
Great Oolite , — Although the name of coral-rag has been appro- 
priated, as we have seen, to a member of the Upper Oolite before 
described, some portions of the Lower Oolite are equally entitled in 
many places to be called coralline limestones. Thus the Great Oolite 
near Bath contains various corals, among which the Eunomia radiata 
(fig. 401.) is very conspicuous, single individuals forming masses 


Fig. 401. 



Eunomia radiata^ Lamouroux. {CalamophyUia, Milne Bdvir. 

a, lection traniTcrie to the tubes. 

b, vertical section, showing the radiation of the tubes. 

c, portion of Interior of tubes magnified, showing striated surface. 

several feet in diameter ; and having probably required, like the 
large existing brain-coral {Meandrina) of the tropics, many centuries 
before their growth was completed. 

Bifiercnt species of crinoids, or stone-lilies, are also common in 
the same rocks with corals ; and, like them, must have enjoyed a 
firm bottom, where their root, or base of attachment, remained un- 
disturbed for years (c, fig. 402.). Such fossils, therefore, are almost 
confined to the limestones ; but an exception occurs at Bradford, 
near Bath, where they are enveloped in clay. In this case, however, 
it appears that the solid upper surface of the “ Great Oolite ” had 
supported, for a time, a thick submarine forest of those beautiful 

* P. Scropc, GeoL Proceed., March 1831. 
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zoophytes, nntil the dear and still water was invaded by a current 
charged with mud, which threw down the stonedilie^ and broke 


Fig. 409. 



Apioerinitet roiundus, or Pear Bncrinite; Miller. Fosill at Bradford. Wllti. 

a. Item of ApioerinUei, and one of the artfculatlona. natural ilae 

b. section at Bradford of Great Oolite and overlying clnv, containing the fossil encrlnltei. See text, 
e. three perfect individuals of Apioerinitet^ represented as they grew on the surface of the Great 

Oolite. 

d. body of the Apioerinitet rotundut, 

most of their stems short off near the point of attachment. The 
stumps still remain in their original position; but the numerous 
articulations, onco composing the stem, arms, and body of the 
cncrinite, were scattered at random through the argillaceous deposit 
in which some now lie prostrate. These appearances arc represented 
in the section fig. 402., where the darker strata represent the 
Bradford clay, which some geologists class with the Forest marble, 
others with the Great Oolite. The upper surface of the calcareous 
stone below is completely encrusted over with a continuous pavement, 
formed by the stony roots or attachments of the Crinoidca ; and 
besides this evidence of the length of time they had lived on the 
spot, we find great numbers of single joints, or circular plates of the 


Fig. 403. 



а. aUiglb or articulation of an Encrh^ lt« overgrown with terpnke and hryotoa. Natural 
^ twe. Bradford clay. 

б. portion of the same magnifled, showing the bryoioan Diattopora dUwoiana covering one of 

the terptake. 

stem and body of the encrinite, covered over with serpulm. Now 
these serpula could only have begun to grow after the death of some 
of the stone-lilies, parts of whose skeletons had been strewed over 
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the floor of the ocean before the irruption of argillaceous mud. In 
some instances we And that, after the parasitic serpuliB were full 
grown, they had become incrusted over with a bryozoan, called Dia^ 
stopora diluviana; and many generations of these molluscoids had 
succeeded each other in the pure water before they became fossil. 

We may, therefore, perceive distinctly that, as the pines and cyca- 
dcous plants of the ancient “ dirt-bed,” or fossil forest, of the Lower 
Purbeck were killed by submergence under fresh water, and soon 
buried beneath muddy sediment, so an invasion of argillaceous 
matter put a sudden stop to the growth of the Bradford Encriiiites, 
and led to their preservation in marine strata.* 

Such differences in the fossils as distinguish the calcareous and 
argillaceous deposits from eacli other, would be described by natu- 
ralists as arising out of a difference in the stations of species ; but 
besides these, there are variations in the fossils of the higher, middle, 
and lower part of the oolitic series, which must bo ascribed to that 
great law of change in organic life by which distinct assemblages of 
species have been adapted, at successive geological periods, to the 
varying conditions of the habitable surface. In a single district it is 
difllcult to decide how far the limitation of species to certain minor 
formations has been due to the local influence of stations, or how far 
it has been caused by time or the creative and destroying law above 
alluded to. But we recognize the reality of the last-mentioned influ- 
ence, when we contrast the whole oolitic series of England with that 
of parts of the Jura, Alps, and other distant regions, where there is 
scarcely any lithological resemblance ; and yet some of tlie same 
fossils remain peculiar in each country to the Upper, Middle, and 
Lower Oolite formations respectively. Mr. Tliurmanii has shown 
how remarkably this fact holds true in the Bernese Jura, although 
the argillaceous divisions, so conspicuous in England, are feebly re- 
presented there, and some entirely wanting. 

The Bradford clay, above alluded to, is sometimes 60 feet thick, 
but in many places it is wanting ; and in others, where there -^are 
no limestones, it cannot easily be separated from the clays of the 
overl)^ing “forest marble” and underlying “fullePs earth.” 

The calcareous portion of the Great Oolite consists of several 
shelly limestones, one of which, called the Bath Oolite, is much cele- 
brated as a building-stone. In parts of Gloucestershire, especially 
near Minchinhampton, the Great Oolite, says Mr. Lycett, “ must have 
been deposited in a shallow sea, where strong currents prevailed, for 
there arc frequent changes in the mineral character of the deposit, 
and some beds exhibit false stratification. In others, heaps of broken 
shells are mingled with pebbles of rocks foreign to the neighbour- 
hood, and with fragments of abraded madrepores, dicotyledonous 
wood, and crabs' claws. The shelly strata, also, have occasionally 
suffered denudation, and the removed portions have been replaced by 

* For a fuller account of these Encrinites, see Buckhuid’s Bridgewater Trea- 
tise, vol. i. p. 429. 
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clay.” * In such sliallow-water beds shells of the genera Patella^ 
Nerita^ Pimuluy and Cylindriies are common (see figs. 406. to 409 ); 


Fig. 405. 


Fig. 404. 



Tcrchrnhtla dtnonn. 
Nut. M/<>. Urudlord clny. 



Pm'pvroiilea nodttlala. i nut. nize. Cylindrites arntvf 
Great Oolite, iVlii)chiiihaiii|ituii. Syii. Arttrim acutus. 

Great Oolili*. 
Miiii*liiiihatii])ton. 


Fig. 409. 



Patella ntfio»a^ Son 
Great Oolite. 


NVi ita rostulata, Desh. Ilinmla ( fCmarginnla) 

Great Oolite. clathrata^ Sow. (ireat Oolite. 


while cephalopoda are rare, and, instead of ammonites and bclein- 
nites, numerous genera of carnivorous tracholipods appear. Out of 
1 42 species of univalves obtained from the Minchinharn[)ton bcd.s, 
Mr. Lycett found no less than 41 to be carnivoroiw. Tliey belong 
principally to the genera Burcimim, Plenrotomay Itostellariiiy Mures'. 
Purpuroidea (fig. 405.), and FusuSy and exhibit a proportion of 
zoophngous species not very different from that which obtains in 
warm seas of the Recent period. These zoological results are 
<;urious and unexpected, since it was imagined that we might look 
in vain for the carnivorous trachelipods in rocks of such high anti- 
(piity as the Grejit Oolite, and it was a received doctrine that they 
did not begin to appear in considerable numbers till tlie Iiiocene 
period, when those two great families of cephalopoda, the ammonites 
and beloniTiitcs, hod become extinct. 

Stones field slate, — The slate «f Stonesficld has been sliown by 
Mr, Lonsdale to lie at the base of the Great Oolite.f It is a slightly 
oolitic slielly limestone, forming large lenticular masses embedded in 
sand, only 6 feet thick, hut very rich in organic remains. It con- 
tains some pebbles of a rock very similar to itself, and which may 
be portions of the deposit, broken up on a shore at low water or 
during storms, and redeposited. The remains of belcmnites, tri- 
gonisc, and other marine shells, with fragments of wood, are common, 
and impressions of ferns, cycadeac, and other plants. Several insects, 

* Lycett, Gcol. Joiim., vol. iv. p. 1 83. 

t Proceedings Geol Soc., vol. i. p. 414. 
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also, and, among the rest, the wing-covers of beetles, are Fig. 4 io. 
perfectly preserved (see fig. 410.), some of them approach- 
ing nearly to the genus Buprestis,* *The remains, also, of 
many genera of reptiles, such as Pleiosaur^ Crocodile^ and 
Pterodactyl^ have been discovered in the same limestone. 

But the remarkable fossils for which the Stonesfield 
slate is most celebrated are those referred to the inam- 
iniferous class. The student should be reminded that in 
all tlie rocks described in the preceding chapters as older 
than the Eocene, no bones of any hind-quadniped, or of 
any cetacean, had been discovered until the Spalacothe- stone^fif-id. 
rium of the Purbeck beds came to light in 1854 (see .above, p. *379.). 
Yet we have seen that terrestrial plants were not rare in the lower 
cretaceous formation, and that in the Wealden there was evidence of 
freshwater sediment on a large sc.ale, containing various plants, and 
even ancient vegetable soils. We had also in the s.^me Wealden 
many land-reptiles and winged insects, which render the absence of 
terrestrial quadrupeds the more striking. The want, however, oi’ 
:iiiy bones of whales, seals, dolphins, and other aquatic mammalia, 
wJiether in the chalk or in the upper or middle oolite, is certainly 
still more remarkable. Formerly, indeed, a bone from the Great 
Oolite of Enstone, near Woodstock, in Oxfordshire, was cited, on the 
authority of Cuvier, as referable tg this class. Dr. Buckland, who 
stated tiiis in his Bridgewater Treatise f, had-the kindness to send 
mo the supposed ulna of a whale, that Prof. Owen might examine 
into its claims to be considered as cetacean. It is the opinion of 
that eminent comparative anatomist that it cannot have belonged to 
the cetacea, because the fore-arm in these marine mammalia is in- 
\ ariabl^ much flatter, and devoid of all muscular depressions and 
I idges, one of which is so prominent in the middle of this bone, 
represented in the annexed cut (lig. 41 1.). In saurians, on the con- 




Bone of a Koptile, formerly fiiipposed to he the liJna of n C«’t .rcan ; frj:n the fJi eat Oolite 
of Knstone, near Woodstock., 

trary, such ridges exist for the attachment of muscles ; and to some 
animal of that class the bone is probably referable. 

* Sec Buckland’s Bridgewater Trca- belong to Prionus. 
tisc ; and Brodic’s Fossil Insects, where t Vol. i. p. 115. 

It is suggested that these elytra may 
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These observations are made to prepare the reader to appreciate 
more justly the interest felt by every geologist in the discovery in 
the Stonesfield slate of no less than ten specimens of lower jaws of 
mammiferous quadrupeds, belonging to four different species and to 
three distinct genera, for which the names of Amphitherium, Phasco- 
lotherium, and Sttreognathus^ have been adopted. When Cuvier was 
first shown one of these fossils in 1818 (namely, the Amphiihtrium\ 
he pronounced it to belong to a small ferine mammal, with a jaw 
much resembling that of an opossum, but differing from all known 
ferine genera in the great number of the molar teeth, of which it 
had at least ten In a row. Since that period a much more perfect 
specimen of the same fossil, obtained by Dr. Buckland (see fig. 412.), 
lias been examined by Professor Owen, who finds that the jaw con- 
tained on the whole twelve molar teeth, with the socket of a small 
canine, and three small incisors, which are in situ, altogether amount- 
ing to sixteen teeth on ea<di side of the lower jaw. 

The only question which could be raised respecting the nature of 
these fossils was, whether they belonged to a mammifer, a reptile, or 
a fish. Now on this head the osteologist observes that each of the half 
jaws in question is composed of but one single piece, jind not of two 
or more separate bones, as in fishes and most reptiles, or of two bones 
united by a suture, as in some few species belonging to those classes. 


Fig, 412. 


1^^atural bi2e. 



Amphitherium PrevoatiU Cuv. ap. Stonesfield Slate. S}'n. Thylacotherium Prevuttu^ Valenc. 
a. coronoid process. 6. condyle. c. angle of juw. d. doublc-fangcd molars. 


Fig. 413. The condyle, moreover {b, fig. 412.), or 

articular surface, by which the lower jaw 
unites with the upper, is convex in the 
Stonesfield speeiinciis, and not concave as 
in fishes and reptiles. The coronoid pro- 
cess (a, fig. 412.) is well developed, whereas 
it is wanting, or very small, in the inferior classes of vertebrata. 
Lastly, the molar teeth in thr Amphitherium and Phascolotheriujn 
have complicated croAvns and two roots (see c/, fig. 412.), instead of 
being simple and with single fangs.* 

♦ I have given a figure in the Prin- Prevostii, in which the sockets and roots 
eiples of Geology, chap, ix., of another of the teeth are finely exposed. 
Stonesfield specimen of Amphitherium 



Amphitherium Jirodcripii, Owen. 
Natural Mize. Stonesfield Slate. 
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The only question, therefore, which could fairly admit of contro- 
versy was limited to this point, whether the fossil mammalia found 
in the Lower Oolite of Oxfordshire ought to be referred to the mar- 
.su]>ial quadrupeds, or to the ordinary placental series. Cuvier had 
long ago pointed out a peculiarity in the form of the angular process 
(c, figs. 417. and 418.) of the lower jaw, as a character of the genus 


Fig. 414. 



Tupaia Tana. 


KigtiC raiiiui of lower Jaw. 
Natural size. 

A recent maectivornus placental 
luamiual, from Sumatra. 


Fig. 445. Fig. 41G. 



Part of lower jaw of Tupaia Tana ; 
taioc natural size. 

Fig. 41.'). F.nd view seen from behind, showing 
the very slight inflertion of the angle at c. 
T‘ig. 4IG. ‘Side view of same. 


Fig. 417. Fig. 41H. 


Part of lower jaw of Didelphys Axarati 
recent, Brazil. Natural size. 

Fig. 417. Knd view seen from behind, showing 
the inflection of the angle of the jaw, r, d. 
Fig. 418. Side view of tame. 




Didelphys ; and Professor Owen has since confirmed the doctrine of 
its generality in the entire marsupial series. In all these pouched 
(|iiadriipcds this process is turned inwards, as at c fig. 417. in the 
l^razilian opossum, whereas in the placental series, as at c, figs. 415. 
nnd 416., there is an almost entire absence of such inflection. The 
Tupaia Tana of Sumatra has been selected by my friend Mr. Water- 
liouse for this illustration, because the jaws of that smiill insectivo- 
rous quadruped bear a great resemblance to those of the Stonesfield 
Amphitherium. By clearing away the matrix from the specimen of 
Ainphithcrium Prevostii above represented (fig. 412.), Professor Owen 
nse.ertaiiied that the angular jirocess (c) bent inwards in a slighter 
degree than in any of the known marsupialia ; in sliort, the inflection 
does not exceed that of the mole or hedgehog. This fact made him 
doubt whether the Amphitherium might not be an insectivorous 
placental, although it offered some points of approximation in its 
osteology to the marsupials, especially to the Myrmecohius^ a small 
insectivorous quadruped of Australia, which has nine molars on each 
side of the lower jaw, besides a canine and three incisors.* 

Another species of Amphitherium has been found at Stonesfield 
(fig. 41 13. p. 404.), which differs from the former (fig. 412.) princi- 
pally in being larger. 


A figure of this recent Myrmecohiua will be found in the Principles, chap. ix. 
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The second mammiferous genus discovered in the same slates was 
named originally by Mr. JJroderip Didelphys Bucklandi (see fig. 


Fig. 41'J. 


Phascitlolhertum Bucklandi^ Broderip, sp. 

< 1 . n.itiiral size. b. molar of same, inagnirifd. 

419.), and has since been called Phascolotherium by Owen. It mani- 
iests a much stronger likeness to the marsupials in the general form 
of the jaw, and in the extent and position of its inflected angle, whih^ 
the agreement with the living genus Didelphys in the number of the 
pre-rnolar and molar teeth is complete.* 

In 1854 the remains of anotlier mammifer, small in size, but 
larger than any of tliose previously known, was announced by Mr. 
( !Ji arles worth to the British Association as having been obtained 
many years before from the Stoncsfield slate by the Kev. J. P. 
Dennis. This fossil, to which the generic name of Slereognathus 
was given, consisted, as is usually the case in these old rocks (see 
above, p. 583.), of part of a lower jaw, in which wore implanted 
three double-langed t(*eth, differing in structure from those of all 
other known reeemt or extinct mammals. According to Professor 
Owen, the molar of Pliolnphus^ a small (‘xtinct lierbivorous genus of 
the London clay, makes th('. nearest approach to it. The form and 
structure of the teeth in Stercoynathus schemed to imply that this 
(juadrujied possessed a higher organization than any other secondary 
maninnd yet discovered, but the doubts entertaiiuid res|)ecting its 
true aflinitii's afford a somewhat disappointing illustration of the 
limited <'xtent to which Cuvier’s Law of correlation or the co- 
existence of animal structures is available in palieontology. Given 
a lower jawbone with three perfect molar teeth, having two or 
more fangs each implanted in separahi sockets, to find the rest of 
the organization, or at least to determine the family and sub-class to 
wdiich the aniinal belonged — such being the problem. Professor Owen 
tells us that he believes that 8tenH)gnathus was hoofed, herbivorous, 
and placental, but he adds, tl. d. for anything that physiological 
science can prove to the contrary, it may have been unguiculate, 
insectivorous, and marsu])ial If 

Professor Owen has remarked that, as the marsupial genera, to 
which the Phascolotherium is most nearly allied, arc now confined 
to New South W ales and Van Diemen’s Land, so .also is it in the 
Australian seas that we find the Cestracion^ a cartilaginous fish 
which has a bony palate, allied to those called Acrodus (see fig. 455. 
p. 419.) and Strophodus^ so common in tlie Oolite and Lias. In the 

* Owen’s British Fossil Mammnls, p. G2. 
t Owen’s Paleontology, second cd., p. 348. 
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game Australian seas, also, near the shore, we find the living 2Vi- 
gonuty a genus of moilusca so frequently met with in the Stoueslichl 
slate. So, also, the Araucariaii pines are now abundant, together 
witli ferns, in Australia and its islands, as they were in Europe in 
the Oolitic period (see fig. 421.). Endogens of the most perfect 
structure are met with in oolitic rocks, as, for example, the Podo- 
enrga of Auckland, a fruit allied to the PandanuSy found in the 
Inferior Oolite (sec tig. 420.). 

Fig. 421. 



Cone of fosMl Inferior Oolite. Bruton, 

.Soinetsot'ihire. ^ diHtn. of 
In ihu colkctiun of the British Muheuin. 

The Stonesfield slate, in its range from Oxfordshire to the north- 
east, is represtmied by flaggy and tis.sile sandstones, as at Collyweston 
in Northamptonshire, wlnne, according to tlio njsearehes of Messr.-. 
Ihbelsoii and Morris*, it contains many shells, such as Trigonht 
(UifjHlafa, also found at Stonesfield. Eut the Northanipton>hir«» 
strata of this ago assume a more marine character, or ajqicar at least 
to have been formed farther from land. Tliey enelost?, JioAvever, 
.som (5 fossil ferns, such l^ecoptcris polt/podioides, of species eoinmoii 
to the oolites of the Yorksliire coast, wliere rocks of this age put on 
all the aspect of a true coal-field ; thin seams of coal having actually 
been worked in them for inor(5 than a century. 

In the north-west of Yorkshire, the formation alluded to consists 
of an upper and a lower carbonficcous shale, abounding in imj>ressions 
of plants, divided by a limestone considered by many geoh.gi.sts as 
the representative of the Great Oolite ; but tlio scarcity of marine, 
fossils makes all comparisons with the subdivisions adopted in the 
ftouth extremely difficult. A rich harvest of fossil ferns has been 
obtained from the upper carbonaceous shales and sandstones at 
Gristhorpe, near Scarborough (see figs. 38 4, 38 J.). The lower 
shales are well exposed in the sca-clitfs at Whitby, and are cliicfly 

* Il)hotson and Jilorris, Keport of Brit. Ass., 1847, p. 131.; and Morris, 
Guol. Journ., ix. p. 334. 
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characterized by ferns and cycadeas. They contain, also, a species 
of calamite, and a fossil called Equisetum columnare^ which main- 
tains an upright position in sandstone strata over a wide area. 
Shells of Estheria and Unioy collected by Mr. Bean from these 


Fig. 429. 



ttcmit elites Brownii, Oocpp. 

Syn. Fiileijuptt rts cotUtgua, Lind. .S: Unit. 

Upper CarbonaccuUb itrsita, Ixiwer Oolite, Onslborpe, Yorhsihire. 


Yorkshire coal-bcariiig beds, point to the estuary or fluviatile origin 
of the dejiosit. 

At Brora, in Sutlicrlandshire, a coal formation, probably coeval 
with the above, or belonging to some of the lower divisions of the 
Oolitic period, has been mined extensively for a century or more. 
It affords tlie thickest stratum of pure vegetable matter hitherto 
detected in any secondary rock in England. One scam of coal of 
good quality has been worked feet thick, and there are several 
feet more of pyritous coal resting upon it. 

Fullers Earth {h, Tab., p. 376.). — Between 
Fir. 424. Great and Inferior Oolite, near Bath, an 



iUtrea acuniinrtta. 
Fiiller'8 Earth. 


argillacc'^us dc^iosit, called the fuller’s earth,” 
occurs ; but it is wanting in the North of Eng- 
land. It abounds in the small oyster rejiresenled 
in fig. 424. The number of mollusca known in 
this deposit is only 22, viz. 17 laincllibranchiate 
bivalves, 4 Braebiopods, and 1 Cephalopod 


(^Bclemnites giganteus). 
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Inferior Oolite. — This formation consists of a calcareous freestone, 
usually of small thickness, which sometimes rests upon, or is re- 
j)laced by, yellow sands, called the sands of the Inferior Oolite. 
These last, in their turn, repose upon the lias in the south and west 
of England. Among the characteristic shells of the Inferior Oolite, 
I may instance Terebratula fimbria (Jig. 425.), Rhynchonella spinosa 
(fig. 426.), and Pholadomya fidicula (fig. 427.). The extinct genus 

Fig. 425. Fig. 426. Fig. 427. 





Tf'rrhratuln ftmhrta. 
Inferior Oolite. 


Uhynchonelln spinosa. 
luferlor Oolite. 


a. Pholadomya Jldtculn. J naf. siie. Inf. Ool. 

b. Heart-ahapeil anterior tcriniiiatiun of the 



Fig. 428. 


Fig. 429. 


Fig. 430. 



Vlcu} otomai fa grantilaia. Pleurotomaria oi-nata. Stiw. Sp. 
Ferruginous OciUte. Normandy. Inferior Oolite. 

Iiifcrior Oolite, Engl.ind. 



CoUyritrs rmgens. 
Inf. Ool., Suinerketihlre. 


Pleurotomaria is also a form very common in this division ns well 
as in the Oolitic system generally. It resembles the Trochus in 
form, but is marked by a deep cleft (r/, fig. 428. and 429.) on one 


Fig. 431. 



Ammonites Jlumphrrsianus. Sow. 
Inferior Oolite. 


side of the mouth. The Collyrites ringem (fig. 430.) is an Eehi- 
noderm common to the Inferior Oolite of England and France, 
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as are the two Ammonites of which representations are liere given 
(figs. 431, 432.). 


r !K- 432. 



Ammonites linvkenndgii. Sow. 
Oolite*, Sr.irljiirniiKli 
Iiif. Onl., Uuiulry ; Calvadn.si &c. 


Fig. 433. 



Ostrea Manhii. j nat. size. 
Midillt* und Lower Oolite, or r.iiigiiig 
horn Coral Bay to Cornbraiih. 


Pahmntologicnl relations of the Oolitic strata . — Observations have 
jilreafly been made, p.343., on the distinctness of the organic reinaiii.s 
of the Oolitic and Cretaceous strata, and. at pp. 395. and 398., of 
ihe pro))ortion of species common to the U|)pcr and Middle, and to 
the IMiddle and Lower Oolite. Between the latter and tlie Lias there 
is a somewhat greattn* break, for out of 120 mollusca of the Upper Lias, 
13 sjK'cies only pass up into the Inferior Oolite. Professor Ramsay 
has called our attention to an important generalization not yet 
allud(‘d to, namely, that there are at present wider breaks between 
.‘•ome of onr minor subdivision.s, and especially between the Inferior 
and the (Ireat Oolite, paleontologically considered, than between 
what we generally regard as division.s of a higher order, such as the 
Lower, Middle, and Upper Oolites. Thus, for example, there are, 
according to Mr. Ktheridge’s tables, 518 species of mollusca known 
in th(3 Great Oolite and 370 in the Inferior, and of tlies(3 only 93, or 
about 12 per cent., are common to the two; and, what is very re- 
markable, of 39 species of Cephaio])oda known in tin; Inferior Ooliti*, 
only one passes upwards into the Great Oolite, namely, Belcmnitvs 
g'Kjantcus^ und it has been questioned by some paleontologists whe- 
ther even this Beleinnit(* has really been found in tho Up|)er of the 
two formations. This distinctness of the Cephalopoda is the more 
striking, becau.se both the Great and Inl’erior Oolites are calcareous 
formatiorLS, and we cannot, therefore, account for the dilference 
of species hy any marked dissimilarity in the nature of the sea- 
bottom. As to the intervening I idler’s Earth, it affords us but little 
information in regard to the condition of marine life, having yielded 
at present only 22 mollusca, as before mentioned (p. 408.). 

While, therefore, tho break between two great members of tin* 
Lower Oolite is expressed by saying that the proportion of species iu 
common only amounts to 12 per cent., we have seen that there is a 
connection of 24 per cent, between the Upper and Middle, and 21 per 
cent, between the Middle and Lower Oolite ; in other words, there 
is twice as great a connection between our larger divisions as be- 
tween two separate members of one of them. 
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In illustration of shells having a great vertical range, it may bo 
stated that in England 4 species, and 4 only, are known to pass up 
from the Lower to the Upper Oolite, namely, Rhynchomlla obsoleta^ 
Lithodomus inclusus^ Pholadomya ovalis, and Tvigonia elongata. 

Of all the Jurassic Ammonites of Great 
Britain, A. MacrocephaUtSy Schloth, which is Fig. 434. 

common to the Great Oolite and Oxford Clay, 
has the widest range. 

TJiat most of the suddem change.s of species 
were due to migration, may be inferred, as 
Prof. Ramsay remarks, from the fact that, aft(*r 
disappearing from an intermedia to formation, 
they often reappear in a higher one. But the 
phenomena, on tlie wliole, indicate a constant 
dying out of pre-existing species and a coming 
in of n(;w ones. AVc have every reason to eori- 
clu»le that the gaps which occur, both between the larger and 
smaller sections of the English Oolites, imply intervals of time, 
elsewhere rej)r(*sented by fossiliferous strata, although no deposit 
may have taken place in the British area. This conclusion is 
warranted by the partial extent of many of the minor and some of 
iho larger divisions even in England. “ Thus, the Inferior Oolile,’’ s^av-'j 
Prof. Ramsay, “ attains its maximum development near Cheltenham, 
wliere it can he subdivided into at least three parts. Passing north, 
the two lower divisions, each more or less characterized by its own 
fossils, disa[ipear, and die rag-stone, north-east of Cheltenham, lies 
directly upon the Lias, apparently as eonformsibly as if it formed 
its true and irnmiidiate successor. ‘In Dorsetsliire, on the coast, the 
series is again perfect, tliough thin. Near Chipping Norton, in 
Oxfoi-dshire, the Inferior Oolite disappears altogether, and tluj 
(ii’cat Oolite, having first overlapped the Fuller’s Earth, passes 
aero-ss die Inferior Oolile, and in its turn seems to lie on the Uiiper 
Lias with a regularity as perfect as if no formation anywhero in the 
neiglibourhood came between them. In Yorkshire the changed tyjie 
of the Inferior Oolite, the prevalence of sands, laiul-phuits, and beds 
of coal, leave no doubt of the presence of terrestrial surfaces on 
which die plants grew, and all these phenomena lead to the 
conclusion that various and considerable oscillations of level took 
place in the British area during the deposition of tlie strata, liotli 
of the Inferior Oolite and of the formations that immediately 
succeed it.”* 

Mr. Howell has pointed out that in Bedfordshire die Coriibrash 
and Kelloway rock are sometimes both absent, and die Oxford clay 
rests conformably on the Great Oolite, sliowing, like the examples 
before cited, that conformity is no proof of direct sequence, and 
aiding us more and more to conceive that the changes in the organic 


Gcol. Quart. Jcurn., vol. xx. p. r.6. 1 8C4. 
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world may in reality have been gradual and uninterrupted, although 
the fragmentary character of the records handed down to us might 
lead us to infer, unless we were constantly on our guard against 
being deceived, that there had been many general and sudden 
breaks in the recording process, and abrupt transitions from one set 
of orgaiiic types to another. 
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CHAPTER XXI. 

JURASSIC GROUP — continued, lias. 

Mineral character of Lias — Numerous successive Zones in the Lias, markcri by 
distinct fossils, without unconformity in the stratification, or chantfC in the 
mineral character of the deposits — Name of Gryphite limestone — Fossil shells 
and fish — Kudiata — Ichthyodorulites -Reptiles of the Lias — Ichthyosaur and 
Plesiosaur — Marine Reptile of the Galapagos Islands — Sudden destruction and 
burial of fossil animals in Lias — Fluvio-iiiarino beds in Gloucestersliiro, and 
insect linicstonc — Fossil plants — Origin of the Oolite and Lias, and of alter- 
nating calcareous and argillaceous formations. 


Lias. — The English provincial name of Lias has been very generally 
adopted for a formation of argillaceous limestone, mtirl, and clay, 
which forms the base of the Oolite, and is classed by many geolo- 
gists as part of that group. They pass, indeed, into each other in 
some places, as near Bath, a sandy marl called the marls tone of the 
Lias being interposed, and partaking of the mineral characters of 
the lias and the inferior oolite. These last-mentioned divisions 
have also some fossils in common, such as the Avicula bicerjuivahis 
(fig, 435.). Nevertheless the Lias may be traced throughout a great 


Fig. 43(;. 



part of Europe as a sejiarate and independent group, of consider- 
able thickness, varying from 500 to 1000 feet, containing many 
peculiar fossils, and having a very uniform lithological aspect. 
Although usually conformable to the oolite, it is sometimes, as 
in the Jura, unconformable. In the environs of Lons-le-Saulnier, 
for instance, in the Department of Jura, the strata of Lias are 
inclined at an angle of about 45®, while the incumbent oolitic marls 
are horizontal. 
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The peculiar aspect which is most characteristic of the Lias in 
England, France, and Germany, is an alternation of thin beds of 
blue or grey limestone, having a surface which becomes light-brown 
when weathered, these beds being separated by dark-coloured, narrow 
argillaceous partings, so that the quarries of this rock, at a distance, 
iissume a striped and riband-like appearance.* 

The Lias has been divided in England into three formations, the 
Upper, Middle, and Lower. The Upper Lias consists first of sands, 
wliich were formerly regarded as the base of the Oolite, but wdiicli, 
according to Dr. Wright, are by their fossils more properly refer- 
able to the Li.'is ; secondly, of clay shale and thin beds of limestone. 
Tlie Middle Lias, or marlstonc series, has been divided into three 
zones ; and the Lower Lias, according to the labours of Quenstedt, 
Oppel, Strickland, Wright, and others, into six zones, each marked 
by ils own group of fossils. This Lower Lias averages from COO 
to 900 feet in thickness. 

From Devon and Dorsetshire to Yorkshire all these divisions, 
observes Professor Kainsay, are constant; and from bottom to top 
we cannot assert that anywhere there is acttnil unconformity 
between any two subdivisions, whether of the larger or smaller 
kind. Tn the whole of the English Lias, there are about 
genera, and 4G7 known sp(*cies.f The whole series lias been divided 
by zones characterized by particular ammonites ; for while oIIkt 
families of shells pass from one division to another in numbers 
varying from about 20 to 60 per cent., these cephalo])ods are almost 
always limited to single zones, as Quenstedt and Oppel have shown 
for Germany, and Dr. Wright for England.J 

As no actual uncoufoniiity is known from the bottom of the 
Lower to the top of the Upper Lias, and as there is a marked 
uniformity in the mineral character of almost all the strata, it is 
somewhat difficult to account even for such partial breaks as have 
been alluded to in the succession of species, if wo reject the hy- 
])othesis that the old species were in each case destroyed attlH‘c4oso 
of the deposition of the rocks containing them, and replaced by the 
creation of new forms when the succeeding formation began. T 
agree with Professor Ramsay in not accepting this hypothesis. No 
doubt some of the old species occasionally died out, and left no 
representatives in Europe or elsewhere ; others were locally 
exterminated in the struggle for life by species, which ijjvaded 
their ancient domain, or by varieties better fitted for a new state of 
tilings. Pauses also of vast duration may have occurred in the 
<lcposition of strata, allowing time for the modification of organic 
life throughout the globe, slowly brought about by variation as well 
as l)y extinction. 

In some parts of France, near the Vosges Mountains, and in 
Luxembourg, M. E. de l^eauinont has shown that the lias contaiii- 

* Conyb. and Phil., p. 2GI. 

t Ilanisav, Ocol. Quart. Journ., vol. xx. p. 50. 1864. 

J Dr. Wright, ibid., vol. xvi. p. 10. 1859. 
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ing Gryphfta arcuata^ Plagiostoma giganteum (see li;^. 437.), anil 
other characteristic fossils becomes arenaceous ; and around the 
llartz, in Westphalia and Bavaria, the inferior parts of the lias are 
sandy, and sometimes afford a building-stone. 

The name of Gryphite limestone has sometimes been applied to 
the lias, in consequence of the great number of shells which it 
contains of a species of oyster, or Gri/ph(Ea (fig. 438., see also fig. 
387. p. 393.). A large heavy shell called Ilippopodium (fig. 439.), 


riff. 4.17. 



Plagwstoma (Ltm/i) fitjianUumf Sow, 
Inr. Oi)l. and Liuk. 


allied to Cyprienrdia, i.s also characteristic of the lower lias shales. 
The Lias formation is also remarktable for being the newest of the 
hccoudary rocks in which brachiopoda of the genera Spirifer and 


Fig. 4.10. Flc. 440. 



Ilippopodium ponderosum^ Sow. 
j diain. Lias, Cheltenliam. 


LepUBna (figs. 440, 441.) occur ; no less than nine species of Spi‘ 
rifers are enumerated by Mr. Davidson as belonging to the Lias. 
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These palliobranchiate niollusca predominate greatly in strata older 
than the Trias ; but, so far as we yet know, they did not survive 
the Liassic epoch. The marine beds of the Lias also abound in 
cephalopoda of the genera Belemnites, Nautilus^ and Ammonites 
(see figs. 442, 443, 444.). 

Among the Crinoids or Stone-lilies of the Lias, the Pontacrinites 


Fig. 443. 



arc conspicuous. (See fig. 449.) Of Ophioderma JRgertoni (fig. 
450 .), referable to tlie Ophwridm of MuIIit, perfect specimens have 
been met with in the Middle Lias beds of Dorset and Yorkshire. 


a Fig. 44G. 



Ammonites slriatulus. Sow. AmmoniUs margaritatuSt Montf. Syn. A. Stokesii^ Sow 

^ nut. size. Upper Lias. Middle Lias. 
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Allusion has already been made, p. 414., to numerous zones in 
the Lias characterized by distinct Ammonites. Two of these occur 
near the base of the Lower'Lias, having a united thickness, varying 
irom 40 to 80 feet. The upper and larger of these is characterized, 
especially in the south-west of England, by Ammonites Bticklandi, 
and the lower by Ammonites Planorhis (see figs. 447, 448.). • 


Fig. 447. Fig. 448. 



Atmmmties Burkl/indi, Sow. 

btsu/rtifut, Hrug. 
g diHHi. of urigiiiiil. 

a. siclp view. 

b front view, showing Tnontii and hi«iilcntcd keel. 
Ciiar.icti'nsMc of the lower jiart of the Luu ot 
Kiiglaiid and tlic ('ontiiiont. 


A. Pl/inorhts, Sow. 

; d):in). of unginnl. 
rmm the of the I.owcr Lias of 
F.ngl.ind and thu Continent. 


These two shells have a wide range on flie Continent of Europe, 
«>fcurriiig in beds which occupy similar positions in the Liassic 
.series. 

Fig. 4 if). Fig.4S0. 



F.xtraerinwt Bnareus= Prntncrinus 
Brtareus. i n.ir. sizo. 

(Body, arms, and part of stem.) 
Lias, Lyme Regis. 


Ophiodnwa Kf^rrUmi, E. Forbes. 
Middle Lias, Seatown, Dorset. 


The Exiracrinus Briareus (removed by Major Austin from Pen- 


* Quart. Jonm.,vol. xvi. p. 376. 
E E 
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tacrinus on account of generic differenccB) occurs in tangled masses, 
forming thin beds of considerable extent, in the Lower Lias of 
Dorset, Gloucestershire, and Yorkshire. The remains are often 
Highly charged with pyrites. This Crinoid, with its innumerable 
tentacular arms, appears to have been frequently attached to the 
driftwood of the liassic sea, in the same manner as Barnacles float 
about at the present day. There is another species of Extracrinus 
and several of Pentacrinus in the lias ; and the latter genus is found 
in nearly all the formations from the lias to the London clay inclu- 
sive. It is represented in the present seas by the delicate and rare 
Pentacrinus Caput-medusa of the Antilles, which, with Comatula, 
are tlie only surviving members of the great and ancient family of 
the Crinoids, so widely represented throughout the older formations 
by the genera Taxocrinus^ Actinocrinus^ Cyathocrinus^ Encrinus^ 
Apiocrinus, and many others. 

The fossil fish resemble gpncrically those of the oolite, belonging 
all, according to M. Agassiz, to extinct genera, and differing for the 
most part from the ichthyolites of the Cretaceous period. Among 
them is a species of Lepidotus {L, f/iyas, Agass.), fig. 4ol., which is 


a Fig. 451. 



Sciilcs of Lepidotus gigas, Agass. 
a. two of the scales, detached. 


found in the lias of England, France, and Germany.* This genus 
was before mentioned (p. 347.) as occurring in the Wealden, and is 
supposed to have frequented both rivers and coasts. Another genus 
of Ganoids (or fish with hard, shining, and enamelled scales), 
called At^chrnodus (see fig. 452.), is almost exclusively Liassic. The 



Agassiz, Poissons Fossiles, vol. ii. tab. 28, 29. 
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teeth of a species of Acrodui, also, are verj abundant in’ the lias 

(fig. 453.). 



Acrodus nobiiis^ (tooth) ; rninmoni}’ rMiled fossil leech." 

Lias, Lyme Uegis and Germany. 


But the remains of fish which have excited more attention than 
any others are those large bony spines called ichthyodorulites 
iuy hg. 454.), which were once suppo.sed by some naturalists to be 


Fig. 4r>.|. 



Uyhodm retinUatus, AgHR«. I.ias, Lynic Kt'gis. 
a. part of tin, commonly called Ichthyodorulite. b. tooth. 


jaws, and by others weapons, resembling those of the living Bnlisfes 
and Silurus ; but which M. Agassiz has shown to be neither tlie one 
nor the other. The spines, in the genera last mentioned, articulate 
with the backbone, whereas there are no signs of any such articu- 
lation in the ichthyodorulites. These last appear to have been bony 
spines which formed the anterior part of the dorsal fin, like that of 
the living genera Cestracion and Chimoera (see a, fig, 455.). In 


Fig. 45.'>. 



Chmiara monstrosa * 

a. spine forming anterior part of the dorsal fin. 


both of these genera, the posterior concave face is armed with small 
spines, as in that of the fossil Hyhodus (fig. 454.), a placoid fish of 
the shark family found fossil at Lyme Regis. Such spines are simply 
embedded in the flesh, and attached to strong muscles. They 

* Agassiz, Poissons Fossiles, vol. iii., tab. C. fig. 1. 
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serve,” iaya Dr. Buckland, “ as in the ChimtBra (fig. 4t5o.), to raise 
and depress the fin, their action resembling that of a moveable mast, 
raising and lowering backwards the sail of a barge.” ^ 

• Reptiles of the Lias^lt is not, however, the fossil fish which 
form the most striking feature in the organic remains of the Lias ; 
but the Enaliosaurian reptiles, which are extraordinary for their 
numijcr, size, and structure. Among the most singular of these are 



several species of Ichthyosaurus and Plesiosaurus (figs. 456, 457.). 
The genus Ichthyosaurus, or fish-lizard, is not confined to this for- 


Bridgewater Treatise, p. 290. 
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mation, but lias been found in strata as high as the white chalk of 
Kngland, and as low as the trias of Germany, a formation which 
immediately succeeds tlie lias in the descending order.* It is 
evident from their fisli-like vertebra?, thei4’ paddles, resembling 
those of a porpoise or whale, the length of their tail, and otlier parts 
of their structure, that the habits of the Ichthyosaurs were aquatic. 
Their jaws and teeth show that they were carnivorous ; and the half- 
digested remains of fishes and reptiles, found within their skeletons, 
indicate the precise nature of tlicir food.f 

A specimen of the hinder fin or paddle of Ichthyosnvrits communis 
was discovered in 1840 at Barrow-on- Soar, by Sir P. Egerton, which 
distinctly exhibits on its posterior margin the remains of cartila-* 
ginous rays that bifurcate as they approach the edge, like those in 
the fin of a fish. (See fig. 458.) It had previously been supposed, 


Fig. 45S. 



Posterior part of hind fin or paddle of Jchl/iyosaurus counnutm. 


says Prof. Owen, that the locomotive organs of tlie Ichthyosaurus 
were (mveloped, while living, in a smooth integument, like that of 
the turtle and porpoise, which has no other support than is aftbrdetl 
by the bones and ligaments within ; but it now appears that the fin 
was much larger, expanding far beyond its osseous framework, and 
deviating widely in its fish-like rays from the ordinary reptilian type. 
In fig. 458. the posterior bones, or digital ossicles of the paddle, are 
si*en near h ; and beyond these is the dark carbonized integument 
of tl\e terminiil half of the fin, the outline of which is beautifully 
defined.^ Prof. Owen believes that, besides the fore-paddles, these 
short- and stiff-necked sauriaiis were furnished with a tail-fin with- 
out radiating bones, and purely tegumentary, expanding in a vertical 
direction ; an organ of motion which enabled them to turn their 
heads rapidly. § 

Mr. Conybearc was enabled, in 1824, after examining many skele- 
tons nearly perfect, to give an ideal restoration of the osteology ol' 
this genus, and of that of the F l€siosaurus.\ (See figs. 456, 457.) 

* Bri«lgewatcr Treatise, p. 168. vol. vi. p. 199. pi. xx. 

t Ibid., p. 187. § Ibid., Second Scrie.s, vol. v. p. 51 1. 

\ Geol.Soc. Transact., Second Scries, 1| Ibid., Second Scries, vol. i. p. 49. 
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The latter animal had an extremely long neck and small head, with 
teeth like those of the crocodile, and paddles analogous to those of 
tho Ichthyosaurus^ but larger. It is supposed to have lived in shal- 
low seas and estuaries, and to have breathed air like the Ichthyo- 
saur and our raod(Tn cetace^.* Some of the reptiles above men- 
tioned were of fonnidable dimensions. One si)ecinien of Ichthyo- 
saurus platyodon^ from the lias at I^yme, now in tlie British Mu- 
seum, must have belonged to an animal more than 24 feet in length; 
and there are sjKicics of Plesiosaurus which measure from 18 to 20 
feet in length. The form of the Ichthyosaurus may have fitted it 
to cut through the waves like the porpoise ; but it is supposed that 
the Plesiosaurus^ at least tho long-necked species (fig. 457.), was 
better suited to fish in shallow creeks and bay vS defended from heavy 
breakers. 

In many specimens both of Ichthyosaur and Plesiosjiur the bones 
of the head, neck, and tail are in their natural position, while those 
of the rest of the skeleton are detached and confusion. Mr. 
Stutchbury has suggested that their bodies after death became in- 
flated with gases, and while the abdominal viscera were decom- 
posing, the bones, though disunited, were retained within the tough 
dermal covering as in a bag, until tho whole, becoming water-logg(‘d, 
sank to the hottom.f As th(‘y belonged to individuals of all ages 
they are supposed, by Dr. Buckhind, to have experienced a violent 
deafh ; and tho same conclusion miglit also be drawn from their 
liaving escaped tho attacks of their own predaceous race, or of fishes 
found fossil in the same bods. 

For the last twenty years, anatomists liave agreed that tliesc ex- 
tinct saurians must have inhabited the sea : and it was urged tlnit 
as there are now eholonians, like the tortoise, living in fresJj water, 
and others, as tho turtle, frequenting the oc(*an, so there may have 
been formerly some saurians proper to salt, others to freshwater. 
The common crocodile of the Ganges is well known to frequent 
equally that river and the brackish and salt water near its mouth ; 
and crocodiles are said in liko manner to be abundant lx)th in the 
rivers of the Jsla do Finos (or Isle of Pines), south of Cuba, and in 
tho open sea round the coast. More recently a saurian has bc‘en 
discovered of aquatic habits and exclusively marine. This creature 
was found in the Galapagos Islands, during the visit of H. M. S. 
“Bcaglo” to that archipelago, in 1835, and its habits were then 
observed by Mr. Darwin. The islands alluded to are situated under 
the equator, nearly 600 miles to the westward of the coast of South 
America. They aro volcanic ; some of them being 3000 or 4000 
feet high ; and one of theni, Albemarle Island, 75 miles long. The 
climate is mild ; very little rain falls ; and, in the whole archipelago 
there is only one rill of fresh water that reaches the coast. The 
soil is for the most part dry and harsh, and the vegetation scauty. 

* Conybearc and De la Beebe., Geol. Buckland, Bridget. Treat., p. 203. 
Trans., First Scries, voL v. p. 559. ; and f Quurt. Geol. Journ., vol. ii. p. 41 1 . 
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The birds, reptiles, plants, and insects are, with very few exceptions, 
of species found nowhere else in the world, although all partake, in 
their general form, of a South American type. Of the mammalia, 
says Mr. Darwin, one species alone appears to be indigenous, 
namely, a large and peculiar kind of mouse; but the number of 
lizards, tortoises, and snakes is so great, that it maybe called a laud 
of reptiles. variety, indeed, of species is small ; but the indi- 

viduals of each are in wonderful abundance. There is a turtle, a 
large tortoise ( Testmlo In(Ucus\ four lizards, and about the same 
number of snakes, but no frogs or toads. Two of the lizards belong 
to the family I(}uanid<E of liell, and to a peculiar genus {^Amhhj- 
r/tf/nchus) established by that naturalist, and so named from their 
obtusely truncated bead and short snout.* Of these lizards one is 
terrestrial in its haln'ts, and burrows in the ground, swarming 
everywhere on the land, having a round tail, and a mouth some- 
what resembling in form that of the tortoise. The other is aquatic, 
.and has its tail fattened laterally for swimming (see fig. 4o9.). 


Fig. 415. 



Atubli/rht/nrflus cristatus, Bell LcHtitli varying rroin 3 to 4 fert. I'lie only existing 
marine liraril now known. 

a. tooth, natural stzoaiul inagnilied. 

“ This marine saurian,” says Mr. Darwin, ‘‘ is extremely common 
on all the islands throughout the Archipelago. It livei!? exclusively 
on the rocky sea-beaches, and 1 never saw one even ten yards in- 
shore. The usual length is about a yard, but there are some even 
4 feet long. It is of a dirty black colour, sluggish in its move- 
ments on the land ; but, when in the water, it swims with per- 
fect ease and quickness by a serpentine movement of its body and 
flattened tail, the legs during this time being motionless, and 
closely collapsed on its sides. Their limbs and strong claws are 
admirably adapted for crawling over the rugged and fissured masses 
of lava which everywhere form the coast. In such situations, a 
jrroup of six or seven of these hideous reptiles may oftentimes be 
s<‘en on the black rocks, a few feet above the surf, basking in 
tlie sun, with outstretched legs. Their stomachs, on being 0 })encd, 
were found to be largely distended with minced sea-weed, of a 
kind which grows at the bottom of the sea at some little distance 

* *Au^Avy, ambltfSf blunt ; and rhynchus^ snout. 
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from the coast. To obtain this the lizards go out to sea in shoals. 
One of these animals was sunk in salt water from the ship, with 
a heavy weight attached to it, and on being drawn up again after 
an hour it was quite active and unharmed. It is not yet known by 
the inhabitants where this animal lays its eggs ; a singular fact, 
considering its abundance, and that the natives are well acquainted 
with the eggs of the terrestrial Amhlyrhynchua^ which is also herbi- 
vorous.” * 

In those deposits now forming by the sediment washed away 
from the wasting shores of the Galapagos Islands, the nnnains of 
sanrians, botli of the land and sea, as well as of cheloniuns and fisli, 
may be mingled with marine shells, without any bones of land 
quadrupeds or batracliian reptiles ; yet even here we should ex- 
])eet the remains of marine mammalia to be embedded in the new 
strata, for there are .seals, besides several kinds of cetacea, on the 
Galapagian shores ; and, in this respect, the parallel between the 
modern fauna, above described, and the ancient one of the lias 
would not hold good. 

Sudden destruction of Snurians . — It has been remarked, and 
truly, that many of the li.sh and sanrians, found fossil in the lia.s, 
must have met with sud<len deatli and immediate burial ; and that 
the destructive operation, whatever may have been its nature, wa& 
often repeated. 

“ Sometimes,” say.s Dr. Riickhind, scarcely a single bone or 
scale has boon removed from the place it occupied during life ; which 
eouhl not have happened had tlu‘ uncovered bodies of the^u sau- 
rians been left, even for a few hours, expos(‘d to putrefaction, ami 
to the attacks of fishes and other smaller animals at the bottom 
of the sea.” | Not only are the skeletons of the Ichthyosaurs 
(mtire, but sometimes the contents of tlieir stomaciis still remain 
between their ribs, as before remarked, so that we can discover the 
])articuhir species offish on whicli they lived, and the form of iheir 
excrements. Not unfrequently there are layers of these coprolitcis, 
at dilferont depths in the lias, at n distance from any entire skeletons 
of the marine lizards from which they Avere derived ; “ as if,” says 
Sir II. do la Bcche, “the muddy bottom of the sea received small 
sudden accessions of matter from time to time, covering up the 
coprolites and other exuviie which had accumulated during the 
intervals.”^ It is further stated ^'lat, at Lyme Kegi.^, those surfaces 
only of the coprolites which lay uppermost at the bottom of the 
s(‘a have suffered partial decay, from the action of water before 
they were covered and protected by the muddy sediment that has 
afterwards permanently enveloped thom.§ 

Numerous specimens of the Cahiinary or pen-and-ink fish (Geo- 
teuthis Bollensis, Schuble s|).) have also been met with in the lias 
at Lyme, with the ink-bags still distended, containing the ink in a 


* Darwin’s .Tournal, cliap. xi.x. 
t Bndgow. Treat., p. 1’2 j. 


i (Geological Researches, p. 334. 

§ Buckhuid, Bridge w. Treat-, p. 307. 
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dried state, chiefly composed of carbon, and but slightly impreg- 
nated with carbonate of lime. These cephalopoda, therefore, must, 
like the saurians, have been soon buried in sediment ; for, if long 
exposed after death, the membrane containing the ink would have 
il(‘cayed.* 

As we know that river-llsh are sometimes stifled, even in their 
own element, by muddy water during floods, it cannot bo doubted 
that the periodical discharge of large bodies of turbid fresh water 
into the sea may be still more fatal to marine tribes. In the 

Principles of Geology ” I have sliown that large quantities of mud 
and drowned animals have been swept dowfi into tlie sea by 
rivers during earth([uakes, as in Java in 1699 ; and that inde- 
scribable multitudes of dead fishes have been seen floating on the 
sea after a discharge of noxious vapours during similar eonvulsioiis.t 
JJut in the intervals between such catastrophes, strata may have 
accumulated slowly in the sea of ihe lias, some being formed 
elihifly of one description of shell, sucli as ammonites, others of 
gryphites. 

From the above remarks the reader will infer tliat the lias is for 
the most part a marine deposit. Some members, however, of tlie 
st'rics, especially in the lowest part of it, have an estuary character, 
and must have been formed within the influence of rivers. In 
( Jloucestershire, wlioni the lias of the West oi‘ Fnglaiid is widl 
ileveloped, it is divisible into an upper mass of sand and shale with 
a bas(j of marlstoiie, and a lower series of sliales with underlying 
llijicstones and shales. We learn from the researches of the R(‘v. 
P. il. lirodiej, that in the inferior of tliese two divisions numerous 
remains of insects and plants have been detected in several ])laees, 
mingled with marine shells. One band, rarely exceeding a foot in 
thickness, has been named the “ iiir^ecfc limestone.’’ It passes up- 
wards into a shale containing Cypris and and is cliargeil 

^\i^h the w ing-cases of several genera of eolcoptera, and with some 
nearly entire beetles, of which the 
eyes are preserved. The ncrvun‘s of 
till* wings of iicuropterous insects (fig. 

4(30.) are beautifully perfect in this 
b<jd. Ferns, with eycads and leaves 
of moiioeotyledonous plants, and some 
a,.|,ai-ently brackish and freshwaier 
shells, accompany the insects in se- ^ > 

\er;d places, wliile in others marine shells ])redoiiiinat(*, the fos- 
sils varying apj>aivntly as wc examine the bed nearer or farther 
from the ancient land, or the source whence the freshwater was 
derived. There are tw'o, or even three, bands of “ insect limestone ” 
in several sections, and they have been ascertained by Mr, Brodie 
to retain the same lithological and zoological characters when 

* nucklan(l,Bri«lgew. Treat., p. 307. t A History of Fossil Insects, &c., 

t iSce IVnicij)les, ImUx, Laiicuroto, 1840. London. 

Gruhatii Islaiid, Calabria. 




426 


FOSSIL PLANTS — LIAS. 


[Ch. XXI. 


traced from the centre of Warwickshire to the borders of the southern 
part of Wales. After studying 3(X) specimens of these insects 
from the lias, Mr. Westwood declares that they comprise both 
wood-eating and herb-devouring beetles, of the Liiiiioan g(‘iicra 
Klaler, Carahus, &c., besides grasshoppers {Gryllus), and detached 
wings of dragon-flb'S and mayflies, or insects referable to the Lin- 
iicjin genera Lihellulay Ephemera^ Ilemerobius^ and Panorpa^ in all 
belonging to no less than twenty-four families. The size of the 
sp(*ei<\s is usually small, and such .as taken .alone would imply a 
temperate climate; but many of the associated organic remains of 
other classes must lead to a different conclusion. 

Fossil plants. — Among tlie vegetable remains of the Lias, several 
Fig. i,;i. species of Zamia have been found at Lyme 

Regis, and the remains of coniferous plants 
at Whitby. Fragments of wood are eoin- 
nioii, and often converted into limestone. 
Tliat some of this \\ood, though now pe- 
trified, was soft when it first lay at the 
bottom of the sea, is shown by a speeimen 
now in the museum of the (geological Society (see fig. 4(51. ), which 
has the form of an ammonite indented on its surfaet^ 

M. Ad. Hrongiiiart enumerates 47 liassic nerogcMis, most of them 
ferns; .and oO gyrnnosperms, of which 39 arc eyesuL, and 11 coni- 
fers. Among the eycads the predominance of Zamitvs, and among 
the ferns the numerous genera with leaves having reticulated veins 
(as in fig. 423. p. 408.), are mentioned as botanical eharacteristies of 
this era.* The absence as yet from the Lias and Oolite of all signs 
of dicotyledonous angiosperms i.s worthy of notice. The leaves of 
such plants are Irtaiuent in t(;rtiary strata, and occur in the Cre- 
taceous, though les.s plentifully (see above, p. 333.). The angio- 
sf)erins seem, therefore, to have been at the least eom|)aratively rare 
in these older secondary periods, when more space was occupied by 
the Cyc.ads and Conifers. 

Origin of the Oolite and Lias . — If wc now endeavour to restore, 
in imagination, the ancient condition of the Kiiropean area at the 
period of the Oolite and Li.as, wc must conceive a sea in which the 
growth of coral-reefs and .shelly limestones, after proc<*cding without 
interruption for ages, was liable to be stopped suddenly by the depo- 
sition of clayey sediment. Then, igaiii, the argillaceous matter, de- 
void of corals, was deposited for ages, and attained a thickness of 
hundreds of feet, until another period arrived when the same space 
w.as again occupied by calcareous sand, or solid rocks of shell and 
coral, to he again succeeded by the recurrence of another period of 
argillaceous deposition. Mr. Conybeare has remiarked of the entire 
group of Oolite and Lias, that it consists of repeated alterations of 
clay, sandstone, and limestone, following each other in the same 
order. Thus the ebays of the lias are followed by the sands of the 

* Tableau lies Vcg. Foss., 1849, p. 105. 



427 


Ch. XXI.] OUIGIX OP THE OOLITE AND LIAS. 

inferior oolite, and these again by shelly and coralline limestone 
(Bath oolite, &c.); so, in the middle oolite, the Oxford clay is fol- 
lowed by calcareous grit and coral rag ; lastly, in the upper oolite, 
the Kiinmeridgo clay is followed by the Portland sand and lime- 
stofui.* The clay beds, however, as Sir U. De hi Beclie remarks, can 
be followed over larger areas than the sands or saiidstones.f It should 
aUo bo roinembtM’ed that while the oolitic system b(*(‘oines arenaceous 
and resembles a coal-field in Yorkshire, it assumes in the Alps an 
almost purely calcareous form, the sands and clays being omitted; 
and even in the intervening tracts it is more complicated and variable 
than aj)pears in ordinary descriptions. Nevertheless, some of tlie 
clays and intervening limestones do retain, in reality, a pretty iini- 
foini character for di>taiic(5s of from 400 to 000 miles Irorii (vist to 
west and north to south. 

According to M. 'riiirria, the entire oolitic group in the Depart- 
ment of the llaubi vSadne, in France, may bo equal in thickness to 
that of England ; but tluj importance of the argillaceous divisions is 
in the inverse ratio to that which they exhibit in England, wbere 
tliey are about equal to twice the thiekness of the limestones, 
wli(»n*as hi th(^ part of Franco alluded to, they reach only about a 
third of that tluckness.J In tJie Jura the clays are still thinner, and 
in the Alps they thin out and almost vanish. 

7u order to account for such a succession of events, we may ima- 
gine, first, tlie bed of the oec'aii to be the recep'tacle for ages of fine 
argillaceous sediment, lirought by oeoanic currents, which may liave 
communicated with rivers, or with part of the sea near a wasting 
<*oa.st. This mud ceases, at length, to be conveyed to the same rc'gion, 
either because the Uud which had previously suffered denudation 
is deju’cssed and submerged, or because tlie current is deflected in 
another direction by the altered shape of the bed of the ocean and 
n(‘iglil)Ouring dry land. By such changes the water becomes once 
more clear and lit for the growth of stony zoophytes. Calcareous 
sand is tlien formed from coinrninnted shell and coral, or, in some 
eases, arenaceous matter replaces the clay ; becauscj it commonly 
liap])ens that the finer sediment, being first drifted l!irth<*.*>t from 
l oasts, is subsequently overspread by coarse sand, after tlie sea has 
grown .shallower, or when the land increasing in extent, whether by 
upheaval or by sediment lilliiig up parts of the sea, has approaclied 
nearer to the spots first oecujiied by fine mud. 

In order to account for another great formation, like the Oxford 
clay, again covering one of coral limestone, we must suppo>e a sink- 
ing down like that which is now taking place in some existing 
regions of coral between Australia and South America. The oe- 
currenc.e of subsidences, on so vast a scale, may have caused the 
bed of the ocean and the adjoining land, throughout great parts of 
the Euro{)eun area, to assume a shape favourable to the deposition of 

t Burat’s D'Aubuisson, tom. ii. p. 
456. 


* Con. and Phil., p. 166. 
t Guol. liescarches, p. 337. 
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another set of olayey strata ; and this change may have been suc- 
ceeded by a series of events analogous to that already explained, and 
those again by a third series in similar order. Both the ascending 
and descending movements may have been extremely slow, like those 
now going on in the Pacific ; and the growth of every stratum of 
coral, a few feet of thickness, may have required centuries for its 
completion, during which certain species of organic beings disap- 
peared from the earth, and others were introduced in their place; so 
that, in each set of strata, from the Lias to the Upper Oolite, some 
peculiar and characteristic fossils were embedded. 
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CHAPTER XXII. 

TJtFAS OK NEW BED SANDSTONE < IIOUP. 

l)istinciion between Now and Old Red Sandstone— Retween Upper and Lower 
New Red — The Trias and its three divisicus — Most lurgi ly dovc]o])ed in Ger- 
many — Recognition of a Marine equivalent of the Upper 'J’rias in the Aiihtrian 
Alps- True position of the St. Cassiun and llallstadt Reds— 800 new species 
of triassic Mollusea and Radiata — Links thus supplied for eonneeting the 
Pahoozoie and Neozoic faunas— Kciiper and its fossils — Muschclkalk and fossils 
— Fossil plants of tlieRunter —Triassic group in England -Bonc-bed of Axmoiith 
and A list— Rod Saiidstone of Warwickshire and (/liohire- Footsteps of Chei- 
inthornim in England and Germany — Osteology of the Whether 

this Ratraehiaii was identical with Cheirotherinin — Duloniitic (^mgloineralo 
of Bristol — Origin of Red Sandstone and Rock-salt— Hypothesis of saline 
volcanic exhalations— Theory of the precijdtation of salt from inland lakes or 
lagoons — Saltncss of the Red Sea — Triassic eoal-lield ()f Eastern Virginia, near 
Riehmond — New Red Sandstone in the United States— Fossil footprints of hirds 
and reptiles in the valley of the Connecticut- -Antiquity of the Red Sandstone 
containing them- Triassic tnatninifer of North Carolina. 

jlivrwEEN the Lias and the Coal (or Carboniforous p^roiip) there is 
Interposed, ill the midland and western eoiinlies of England, a great 
^(‘ries of red loams, shales, and sands! ones, to whieh tlie name of the 
Xow Red Sandstone formation ” was first givi ii, to distinguish it 
from other shales and sandstones called the “Old Red” (r, fig. 
often identical in mineral character, which lie immediately beiiealli 
the coal (b). 


Fiff. 4G2. 


. -x: • . 




c Old Kcd S.mdiitone. 


b, Coul. 


a. New lO'd S.iinKtoin-. 


The name ol'“ Red Marl ” has been incorrectly apjilicd to the red 
clays of this formation, as before explaiiic;d (f). 13.), for they are 
remarkably free from calcareous matter. The absence, indeed, of 
carbonate of lime, as well as th(3 scarcity of organic, remains, together 
with the bright red colour of most of the rocks of this group, causes 
Ji strong contrast between it and the Jurassic formations before de- 
scribed. 

licfore the distinctness of the fossil remains cliaracterizing the 
upt>er and lower part of the English New Red had been clearly 
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recognized, it was found convenient to have a common name for 
all the strata iiiterinediato in position between the Lias and Coal ; 
and the term “Poikilitic” was proposed by Messrs. Conybeare and 
Buckland from 7 ruiKi\oc, poikilos, variegated, some of the most 
characteristic strata of this group having been called variegated by 
Werner, from their exhibiting spots and streaks of light-blue, green, 
and buff colour, in a red base. 

A Single term, thus comprehending both Upper and Lower New 
Red, or the Triassic and Permian groups of modern classifications, 
may still be useful in describing districts where we have to speak 
of masses of red sandstone and shale, referable, in pari, to both 
these eras, but which, in the absence of fossils, it is impossible to 
divide. 

Trias or Upper New Red Sandstone Group. — As the group of 
strata now to be considered is more fully developed in Germany than 
in England or France, it will be well to consider in the first place 
the manner in wliich it presents itself in that country. It has been 
called the Trias by German writers, or the Triple Group, because 
it is separable into three distinct formations, called the “ Keuper,” 
the “ Muschelkulk,” and the “ Buiiter-sandstein.” 


German. 


Kcuper 

Mui^chelkulk - 
llaiiCer-sandfitcin 


Nomenclature of Trias. 


French. 

Marnes irisces 


English. 

{ Saliferous and gypseous 
I shales and sandstone. 


/ Muschelknlk, ou 
’ \ coquiliier 

- Gres bigarre 


caleairc \ i i 

_ J wanting in England. 

f Sandstone and quartz- 
* b congloiiicrate. 


Upper Trias, or Keuper. — It has been already stated, p. 414., that 
near the base of the Lower Lias arc certain zones of strata, distin- 
guished by the abundance of jieciiliar species of ammonite, in one of 
which A. Bucklandi, and in another still lower A. Planorhts 
abound. In North -western Germany, as in England, beneath these 
ammonitiferous zones, there occurs a I'cinarkable bone breccia, a 
murine formation, the shells of which are distinct from those of the 
Lins. It is filled with the rciaains of fishes and reptiles, almost all 
the genera of whieli, and some e^ en of (he species, agree with tbo>e 
of tlic subjacent Trias. This breccia lias accordingly been con- 
sidered by Profcs.sor Quenstedt and other German geologists of bigli 
authority, as the newest or ii])permost part of the Trias. Professor 
Plieninger fotind in it, in 1.S47, the molar tooth of a small Triassic 
Mammifer, called by him M'crolestcs anti(|uus. lie infeired its 
true nature from its double fangs, and from the form and number 
of the protuberances or cu.s])s on the flat crown; and considering it 
as predaceous, [irobably insectivorous, he called it Microhstes, from 
piKpvr, little, and Xpun/c, a beast of jirey. Soon afterwards he found 

* Buckland, Biiilg. Trent., vol. ii. p. 39. 
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a second tooth, also at the same locality, Diegerloch, about two miles 
to the south-east of Stuttgart. Some of its cusps are broken, but 


Fig. 4C3. 



Mmolestis antwuus^ Plionlngcr. Molar tooth, mngniflpil. Upprr Tria*. 
nlcgerloch, near Sluttgurt, \Mlri»‘mbprg. 
a. view of innor side*'* b. fcainp, outer aide ? 

c. aaiiie In proiile. d. crown of same. 


Fig. 464. 


Fig. 461 



Microlestcs antiquwt^ Plicn. 

View of same nnil.ir as No. 46;t. From a drawing by 
Ilennanti Von Meyer. 

< 1 . view of inner mde ? b. crown of same, 
c. crown oi the laine, mugiiilicd. 



Molar of Mtcroleates f Plien. 
4lime5 ai l{i»Ke «a the fig 
463. From the 'J'riaii ol Die- 
. gerloch, Stuttgart. 


there seem to have been six of them originally. From its agree- 
ment in general characters, it was sij])])Oscd by Professor Plieningcr 
to belong to the same animal, but as it is four times as big, it may 
]K*rh}ips have been the tooth of another allied species. This molar 
is attached to the matrix consi.'itiiig of sandstone, whereas the tooth 
(fig. 463.) is isolated. Several fragments of l)one, differing in 
structure from that of the a.ssoeiated sauriaiis and fisli, and belicvctl 
to be mammalian, were embedded near them in the same rock. No 
anatomist liad been able to give any feasible conjecture as to the 
affinities of tliis minute quadruped until Dr. hjilconer, in lSo7, re- 
cognized an uninistakeable re.seiiiblance between its 1ec‘th and the 
two back raolar.s of hi.s new genu.s Playiavhix (.v(*e aliovc, fig. 337. 
!>. 381.), from the Purhcck strata. This would leail ns to tlie eon- 
elu.sion that Micrulestes was marsupial and plant-eating. 

In Wlirtemberg there are two bone-bed.s, namely, tliat containing 
the Microlestc.s, which has just been described, which eoii.stitute.^, as 
we have seen, the iippermo.st member of the Trias, and another of 
still greater extent, and still more rich in the remains of fish and 
reptiles, which is of older date, intervening between the Keuper 
and Muschelkalk. 

The geiun-a Snuric/it/ii/s, llyhodns^ and Gyrolepis^ are found in 
both these breccias, and one of the species, Saitrichthys Monycoti^ is 
common to both bone-beds, a.s is also a remarkable reptile called 
Nothosanrus mirabilis. The saurian called Belddon by H. Von 
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Meyer, of the Thecodont family, is another Triassic form, associated 
at Diegerloch with Microlestes, 

Beneath this bone-breccia follows the regular series of strata 
called Keuper, which in Wiirtemberg is about 1000 feet thick. It 
is divided by Alberti into sandstone, gy]mum, and carbonaceous 
slate clay.* Kenjains of reptiles called Nothosaurus and Phyto- 
Fijf. 46 C. saurus have been found in it with Laby- 

rinlhodon; the detached teeth, also, of 
phicoid fish and of rays, and of the genera 
Saurichthys and Gyrolepis (figs. 481, 482. 
p. 440.). 

I The plants of the Keuper are generically 
very analogous to thos(i of the lias and 
oolite, consisting of ferns, equisetaceous 
j\qriiwttffs cohtwnmts. (S\n. av/mj- pljiiits, cycads, aiid coiiifcrs, with a few 

KfcMn. .'umI a hiiijill portion oi saino dOUbttul mOllOCUty Icdons. A fcW SpCCICS 

magnified. Koupor. Eqiiisetites columnnris, are com- 

mon to this grou]) and the oolite. 

St Cassian and JIallsU\flt Beds. — The sandstones and clay of 
the Keuper resemble the deposits of estuaries and a shallow sea 
near the land, and afford, in the N.W. of Germany, as in France 
and England, but a scanty representation of the marine life of that 
period. We might, however, have anticipated, from its rich rep- 
tilian fauna, that the ci.ntemporaneous inhabitants of the sea of 
the Keuper period would be very nurruu-ous, should we ever have 
an opportunity of bringing their remains to light. This, it is 
believed, has at length been accoinjdished, by the position now 
assigned to certain Alpine ivyks ealleil the “ St. C’assian beds,’’ 
the true ])lace of which in the series was until u Jy a subject 
of mueli doubt and discussion. For vfduable researches relating 
to thesis formation.s, we are indebted to many emim-iit geologists, 
especially to MM. Von Buch, E. dc Bearnioiu, Murchison, Sedg- 
wick, and Klijistein, and in Switzerland to MM. Escher and 
Merian, and more lately in Austria to MM. Von Hauer, Suess, 
Hornes, and Giimbel. Jt has been proved that the Ilallstadt beds 
on the northern flanks of the Austrian Alps coi resiiond in age Avith 
the St. Cassi.an beds on their .southern declivity, and the Austrian 
geologists hence sall^fii'd themselves that the Ilallstadt formation is 
rcferalde to the period of the U}iper Trias. Assuming this conclu- 
sion to be correct, we become acquainted suddenly and unexpectedly 
with a rich marine fauna belonging to a period previously believed 
to 1)0 very barren of organic remains, because in England, France, 
and Northern Germany the Upper Trias is chiefly represented by 
beds of fresh or brackish Avater origin. Mr. Edward Suess, of 
Vienne, to whom we arc indebted for several memoirs on the rocks 
in question, has favoured me Avith the folloAviiig summary of the 
order of succession of the Ilallstadt beds in the Austrian Alps, 


MoDog. des Bunten Sandstcins. 
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which I had au opportunity, when travelling in the autumn of lbo(), 
of verifying in company with Mr. G umbel, of Munich. 

Tlie uppermost strata first enumerated immediately underlie the 
Lower Lias of the Swabian Jura. This lias is represented near 
\'ieima by a brown limestone, containing Ammonites Bucklandi^ A, 
('onyhearii^ &c. 


Strata below the Lias in the Austrian Alps, in descending Order. 


I. Kocssen l»c<ls. 

(Synonyms, Upper Si. 
rn.ssiaii beds of Eseher and 
jMcrian.) 


(Grey and lilack limostoju , with cnlcaieoiiB marli 
■ hnviiij; u tliickness of about 5u feet. Amon^ 
the fossils, Rriichiopoda very niinieroiis ; some 
5i w species common tr> the genuine Lins; many 
]jeeuli;ir. At icAila coi.tnrttiy Pveten Vatoniensis^ 
. Cauhum Jtlurtie^tnu Avicnlu i/Kti/utcdlvis, Spirt- 
' /tr Munstert^ ]>jiv. Strata containing the aboA'c 
I fossiK alternate with the Dmdistciii beds, lying 
[ iKXt hclow. 


Duchfttein lad'-. 


llalKtndt beds 
(or St. Cassiaij') 


I. A. (TiittensP’in bods. 
IJ. Wcrfcii 1 ' ■, lase 
of Upp'*'* fnas ? i 
Lower T’ ias some 1 
geologists, I 


I \Vl’’ie or greyish limestone, C/ften'in beds -T or 
' 4 tect tbiek. Total thickness of the formation 

iboNi ‘.‘000 feet. Upper part fossiliferoiis, iviiii 
som^* .-tr.ita composed of corals. {LllJioiltrulrim.) 
I Lower portion without fossils. Among the 
' charnctcristk- an: J Jem tear chum Wuljeni^ 

i\rnja!<>'l'ut *ritpu‘L'r, mid lalier large bivalves, 
Ucl* pink, or wliiie imirblc, from ’^00 to 1000 fetl 
in thickness, containing more than SOO sjiecies 
of marine fossils, fou the most part moJliisca. 
Many s| .'ies oi Ot ihoevraa. 'I'ruc Amniouitvsy 
besides (Waiite^ .nd G’o'o./f/Viw, Uvlennotes 
(raie^, IWcrliiu^ Pkof’otomari't^ Tr^rhas. Mvnn- 
tis .S.r. 


BLic*’ • 

no feet 
I'itliihe 
tds, 

Ued and g” 
•ti. one, 

iVpSUill. 


xy 

c.stonc 

, Ak. 

lating 

rlyingl'” ‘rfen | 


rind 1 

111* Sal 

t and 


Amon_£. tlu lOssiL are 
(Jera files casstuN n.'< 
i\ f'lftci tes Jassaetisis^ 

JSaticclla eu'tlulfiy Me. 


In regard to the .."-o of the rocks? a]>ovc tncjif' J, tlio Kocssen 
:i:iil Duchsieiii mhIs .ive been ri'ferrcd ir sonic *o tlio Lias, hy 
•iliors to tho Tria.s, wliilc. many 1 ‘ivc considered tliciii lo be of iii- 
r.Tiiiediatc date, lint Mr. Sue ..i.s sli<»wn tliat the Kocssen l)C(l< 
'•orrosjKnid to the nj»]icr bone-bed of »Sv iliia, j . which the jlliero- 
hstes WHS found (see [>. 4o().), ami (lie dogist remaiks that 

M>mo of lh(‘ fo 'Is of the bed.s J. and 2 an* . UM.lieal with the Irish 
■ Uortrush bea.'. ’ of General Portlock de^i.,ril)ed in his Report on 
Londonderry. TI.c Koes.sen beds Iniv'^- ^n*e]» traced for 100 gco- 
giaphical miles froiii iie'^ Cjleneva U the 'nviroiis c»f Vientia. 

The Gernuiu geologists are now generally agiciid, as already' 
'lated, tliat the llalkstadt and St. Cassian beds are of the age of the 
lowoT pai t of the Keuper or Upper Trias ; but whtdher llie VVerfen 
-aiidstone, No. 4., slionld form part of the same series, or, as Von 
Hauer inclines to believe, should be classed a.s the equivalent of “ (lie 
Hunter or Lower Trias,” is still undetenniued. The absence of 
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well-eharacterizcfl Muschelkalk fossils in the Austrian Alps render^; 
this point very difficult to d«5cide. Rich deposits of salt, associated 
with the Werfeii beds, have inclined some geologists to presume 
that they belong to the Upper Trias. Should they be classed as 
' Bun ter,” the Guttensteiii limestone would then correspond in 
position with the Muschelkalk, but no Muschelkalk fossils have ever 
l>(*en met with in it or in the Werfen. 

Among the 800 species of fossils of the Ilallstadt and St. Cassian 
beds, many are still undescril>ed ; some are of new and peculiar 
genera, as Scoliostoma^ hg. 467., and Plalystoma, fig. 468., among the 
Gasteropoda ; and Konmekia^ fig. 469., among the Brachiopoda. 


Fig. 467. Fig. 468. 



RcaUattoina^ 6t. Caa&iaii. 


Fig. 46i). 



Koninckia Lconhardi^ Wissinann. 

a. dorsal view, natural size. 

b. ventral view, part of the converse ventral valve removed to show the interior of 

dorsal valve and its vascular impressions. One of the spiral processes is seen 
throuKh the translucent shell. 

c. section of huth valves. 

</. interior of dorsal valve, with spiral processes restored. (Suess.) 

The following table of genera f marine shells from the Hallstadt 
and St, Cassian beds, drawn up on the joiut authority of MM. Su(‘ss 
and Woodward, shows how many connecting links between the 
i'aima of primary and secondary rocks are supi)lied by the St. Cas- 
sian and Hallstadt beds. 
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Genera of Fossil Mollusca in the St. Cassian and Hallstadt Beds. 


Common to Older Rocks. 
Cyrtoccras. 

Orthoceras. 

Goniatitcs. 

*Loxonema. 

•Holopclla. 

Alurchisonia. 

Eiiomplialus. 

Porcelliii. 

♦Megalodon. 

Cyrtia. 


Characteristic Triassic Genera. 
Ceratites. 

Scoliofitoma (or Coch~ 
leariit). 

Naticella. 

Platystoma. 

Isoarca. 

Fleurophorus. 

Myophoria. 

Monutii). 

Koniiickia. 


Common to Newer Rocki>. 
Ammonites. 
^Belemnites. 
*Nerinasu. 

Opis. 

Cardita. 

Trigonia. 

Myoconchus. 

Ostrea. 1 sp. 
riicatula. 

Thecidium. 


Tile genera marked by an asterisk arc given on the authority of Mr. Siicss, tlie 
rest on that of Mr. Woodward from fossils of the St. Cassian rocks in the Britisli 
MiiSLuni. 


The first column marks the last appearance of several genera 
which are characteristic of Palaeozoic strata. The se(!Oud shows 
tliosc genera wliicli are characteristic of the Upper Trias, either as 
])cculiar to it or as reaching their maximum of develoj)m(‘iit at this 
ei-a. I'he third column marks the first appearance of genera des- 
tined to become more abundant in later ages. 

As the Orthoceras had never been met with in the marine Miis- 
chelkalk, much surpi'ise was naturally felt that 7 or 8 species of the 
g(Miu.s should apiiear in the Hallstadt beds, assuming those last to 
belong to the Upper Trias. Among these spefn’es are some of large 
dimcMisions, associated with largo Ammonites with foliated lobes, a 
form never seen before so low in the series, while tlio Orthoceras had 
never been seen so high. But the latter genus has also been met 
with ill the Adnet, or Lias strata of Austria, as I was assured in 
1S56 by several eminent geologists of Germany. 

Professor Ilamsay has lately made a careful analysis of the lists 
given by Broun of 104 genera and 774 species of fossils, derived 
from the St. Cassian beds, of all classes of the animal kingdom, 
nearly the whole of them invertebrata ; and he has also made an 
.•malysis of another list of 79 genera and 427 species of fossils from the 
same beds, drawn up by a skilful naturalist, the late Count Munster. 
Tlic results arrived at in both cases agree very closely, proving 
that somewhat less than one-third of the St. Cassian fossils have 
a primary or palifiozoic, and two-thirds of them a secondary or 
niesozoic character. There would be nothing wonderful or anoma- 
lous in such a result, were it not that the fossils of the Musehelkalk, 
which are supposed to be older than the St. Cassian beds, contain a 
coin])aratively small proportion of primary types, so that a palacon- 
tolo'^ist would naturally presume, says Professor Ramsay, that the 
St. Cassian beds were a stage nearer in time than is the Muschcl- 
kalk to the Permian period. Bronn, accordingly, in drawing up 
his catalogue, placed the St. Cassian beds in that position, or as 
intermediate between the Bunter-sandstein and the Upper Per- 
mian, or Zechsteiii. It must, I think, be admitted that, were we 
not controlled by the decided opinion as to the order of super- 
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jx)sition to whicli the most able living surveyors of the Austrian 
Alps have come, we should naturally take for granted, when pre- 
sented with such a section as that given at j). 433., that the Muschel- 
kalk, if it had IiappeiK'd to be present at Hnllstadt, would have over- 
laid the b(‘d No. 3., instead of having to be intercalated between 
Nos. 3. and 4., or oven placed below No. 4. 

Whatever ambiguity may still remain in many minds respecting 
the precise elironological relations of the St. Cassian beds, no one 
(jiiestions that they are Triassie, and they have entirely dissipated the 
notion formerly entertained as to the marine fauna of the whole 
Tnassic era having been poverty-stricken. The St. Cassiun fauna, 
moreover, leads us to ex])ect that, should we hereafter have an o])por- 
tunity of studying the marine fossils of the lowest division of the 
liu liter sandstone, th(' jiresent break between the Falaaozoic and 
Neozoic forms will almost entirely disappear. 


Muschelkalk, 

'fhe next member of the Trias in Germany, the Mttschflknlh^ which 
underlies the Kenpvr before described, consists chiefly of a cojn])act 
grc‘yish limestone, but includes beds of dolomite in many places, 
together 'With gy])sum and rock salt. This linieslonc, a formal ion 
wholly unrepresented in England, abounds in fossil shells, as the 
mime implies. Among the Ccjphalopoda there are no belemuites, and 
no ammonites with foliated sutures, as in the lias and oolile as well 
as in the Ilallstadt beds ; but we find instead a genus allied to tin; 
Ammonite, called Ceratites by De Haan, in which the descemling 
lohes (see «, h, c, fig. 470.) terminate in a few small deiitieulalions 


a Fig. 470. h 



CcratiUs n(,dosus. Miischelkalk. 


a. snip vn \v. ft, front view, 

r. p.irtiall) liouticnlateil outline of the septa dividing the clnmliers. 

pointing inwards, the saddles being plane. Among the bivalve 
shells, the Posidonia minnta^ Goldf. {Estheria minutay Tironn), (see 
tig. 471 ), is abundant, ranging through the Iveupcr, Muschelkalk, 
and Bunter-sandstciri ; and Avicula socialis (fig. 472.), having a 
similar range, is found in great numbers in the Muschelkalk of Ger- 
many, France, and Folaud. 
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J.sthi t la ( Posidonia) mi- 

7 lUttl, (loUil. (PoKidu- 

nomyti inmula, Urouii.) 


a. Avicula soctali:>. b. suit* view of bame 

Characteristic of tlie Mubclielkalk. 


Tlie abundance of the heads and stems of lily encrinitc\s,/:^McnV/wA 
filiiformis (fig. 473.), (or Encrinites moniliformis), shows the slow 
manner in whieh some beds of this limestone have 
formed in clear sea-water. The star-fish 
called Aspidura I or kata (iig. 474.) is as yet pe- 
. culiar to the Xluschelkalk. In tlie saint formation 





.no inns hhtforitus, Srhlott. Syn. E. inoniliforttas. 
Uody, .inns, and part ot stein. 

a. section of stem. 

Mubchclkalk. 



yli/ndura ioricata, Ag.is 

rr. upper side. 
b. lower hide. 
Musi'helkalk 


re found the skull and teeth of a reptile of the Placodus (see 
ir. 47d.), which was referred originally by Count Munster, and 



Talutal teeth of Flacudtis gigas, 
Muschelkaik. 



a. Volttin hetcrophylla. (Syn. Voltim 
brevifofta.) 

h. portion of same magnified tu show 
fructification. Sul7.l1.id. 
Buntcr-saiidstciii. 


afterwards by Agassiz, to the class of fishes. But more perfect 
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wpcciraeiis enaMcd Professor Owen, in 1858, to show that this fossil 
animal was a Saurian reptile, which probably fed on shell-bearing 
mollusks, and used its short and flat teeth, so thickly coated with 
enamel, for pounding and crushing the shells.* 


Bunter-sandstein. 

Tlio Bmtter-snndstein consists of various-coloured sandstones, 
dolomites, and red clays, with some beds, especially in the Hartz, of 
calcareous pisolite or roc-stone, the whole sometimes attaining a 
thickness of more than 1000 feet. The sandstone of the Vosges, 
according to Von Meyer, is ])roved, by the presence of Lnbyrin- 
thodim and other fossils, to belong to this lowest member of the 
Triassic group. At Sulzbad (or Soultz-les-bains), near Strasburg, 
on the flanks of the Vosges, many plants have been obtained from 
the “ bunter,” especially conifers of the extinct genus Voltzia, 
peculiar to this period, in which even the fructification has been 
preserved. (Sec fig. 476.) 

Out of thirty species of ferns, cycads, conifers, and other plants, 
enumerated by M. Ad. Brongniart, in 1849, as coming from the 
** Gres bigarre,” or Bunter, not one is common to the Kcuper.f 
This difl(T(!nce, however, may arise partly from the fact that the 
flora of the “ Bunter ” has been almost entirely derived from one 
district (the neighbourhood of Strasburg), and its peculiarities may 
be local. 

The footprints of a reptile {Lahyrintliodon') have been observed 
on the clays of this member of the Trias, near ITildburghaiisen, in 
Saxony, imprcss(*d on the upper surface of the beds, and standing 
out as casts in relief from the under sides of incumbent slabs of 
sandstone. To these T shall again allude in the sequel ; th(»y attest, 
MS well as the accompanying ripple-marks, and the cracks which 
traverse the clays, the gradual deposition of the beds of this for- 
mation in shallow water, and sometimes between high and low 
Avater. 


Triassic Group in England, 

The Trias or New Red series of England is subdivided by Pro- 
lt‘ssor Ramsay in the following manner : — 

{ Kocssen or Penarth beds (AvicuJa contorta zone). 

New Bed Marl, with streaks of ISand.sfone. 

White and lirown Sandstone and Marl. 

{ Upper Variegated Sandstone. 

Conglomerate or Pebble beds. 

Lower Vnricguicd Marble. 

DiflTorent members of the above group rest in England, in some 
region or other, on almost every principal member of the piilaeozoic 


* Owen, Phil. Trans., 1858, p. 169. 
f Tahlcau des Genres de Vcg. Foss., Diet. Univ., 1849. 
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series, on Cambrian, Silurian, Devonian, Carboniferous, and Per- 
mian rocks, and there is evidence everywhere of disturbance, con- 
fortion, partial u})heaval into land, and vast denudations which the 
older rocks underwent before and during the deposition of the suc- 
cessive strata of the New Ked Sandstone grouj). It was stated 
(p. 417.) that the Lower Lias in the south-west of Kiigland con- 
tained near its base strata characterized by Ammonites planorbisy 
bedow which beds with many reptilian remains sometimes occur. 

Still lower, on the boundary line between the Lias and Trias, 
<*ei tain cream-coloured limestones, called White Lias by Smith, arc 
round usually, but not always, without fossils. Those white beds 
Jiave lately been ref(;rred by o^Ir. C-has. Moore to what he calls the 
Uha!tic beds*, because largely developed in Iho Hha^tian Alps, and 
which are the same as the Koessen beds of Germany, No. 1., 
p. 4.3d. The marine organic remains observed in them near Frorno, 
in Soniers(*tshire, show that they appertain to the highest member 
of the lJp])er Trias, in which occur the sandstones and shales with 
Avicula contorta (fig. 479.), togc'ther with other fossil slndls be- 
longing to the same zone' in Germany, France, and Lombardy. 
Among th(‘ most abundant of the shells in all these countries is the 
above-mentioned Axntnda {i\^, 479.), and with it Cardiiim rkaticum 
(fig. 477.) and Pecten ]^aloniensis (fig. 478.), 


K ig. 477. 


CnrdtujH rhaticum, 

0|>|)i-riiu)bi I'ri.'th. 


Fig. 478. 



Pertm Valoniemts, Dfr. 
i nat. sue. Fortnioh, 
Ireland, &c, l^pper- 
inost Trias. 


Fig. 471). 


Avtcula contmta. ForthK k. 
Furtrush, IreMiid, ^c. Nat. 
size. UppennuM Trias. 




The ]>rincipal member of this group has been called by Dr. 
Wright thv. Avicula contorta bed |, ns this shcdl is very abundant, 
and has a wide range in Europe. General Portlock first described 
llie formation as it occurs at Portrush, in Antrim, where tlie Avicula 
contorta is accompanied by Pecten Valoniensis, as in Germany. 
The beds under consideration, although of moderate thickness, are 
already rich in synonyms, as, besides the German names mentioned 
at page 4dd. and the Bone-bed series of many geologists, as well a.s 
the Bha^tic beds of Mr. C. Moore, it has lately been named the 
Penarth beds by the Government surveyors of Great Britain, from 
Pcnartli, near Cardiff, in Glamorganshire, where these strata arc 
finely exhibited in the sea-cliffs. 


Moore, Rliajtic Beds, Quart. Gcol. Journ., 18 GI, vol. xvii. 

Dr. IVright, on Lias and Bone-bed, Quart. Geol. Journ., 1860 , vol. xvi. 
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The bcst-knowu member of the group, a thin band or bone- 
breccia, is conspicuous among the black shales in the neighbourhood 
of Axniouth, in Devonshiro, and in the cliffs of Westbury-on-Severn, 
us well as at A list and other places on the borders of the British 
Channel. It abounds in the remains of saurians and fish, and wa.'. 
formerly classed as the lowest bed of the Lias ; but Sir P. Egerton 
first jKjinted out, in 1841, that it should be referred to the Upper 
New Bed Sandstone, because it contained an assemblage of fossil 
fish which arc eitlicr peculiar to this stratum, or belong to species 
well known in thii Musclndkalk of Germany. These fish belong to 
the genera Acrodus, Jftfhodus^ Gt/rolepis, and Saurichthys, 

Among those common to the English bone-bed and the Muscliel- 
kalk of Gei-many are Ifyhodnsplicalilis (fig, 480.), Saurichthys apl- 
/W/5 (fig. 481.), Gyrolepis t€7iuutlriatus (fig. 482.), and G. Albert ii, 
Reniaius of saurians, Plesiosaurus among others, have also been 
found in the bone-bed, and plates of an K/if'rbms, 


I'ig. 481. 


Fip. 482. 



Sattt tcAlht/s npn'a/is. (Jt/rolt^)i<s tenuistrtatus. 
Tooth ; riHt. si/i>, and Srali^; n.it. sizi‘, aii’i 

iiiagiiified. Axinoulli. maKiiiliud. Axmuutli 


In certain grey indurated marls below the bone-bed, Mr. Dawkins 
found, at Watchett, on the coast of Somersetshire, in 1863, a two- 
fangt'd molar tooth of a fossil mammifer o^* the Microlestes fainil}'. 
Mr. Chas. Moore had previously discovered twenty-seven teeth of 
mammalia of the same family near Frome, in Somersetshire, in tin* 
contents of a vertical fissure traversing a mass of carbon iferou.- 
limestone. The top of this fissure must have communicated witli 
the bed of the Trinssic sea, and probably at a point not far from tht‘ 
ancient shore on which the small marsupials of that era abounded. 

The strata of red and green marl, which follow the bone-bed in 
the descending order at Axmouth and Aust, are destitute of organic 
remains : as is the case, for the most part, in the corresponding bed.- 
in almost every part of England. But fossils have been found at a 
few localities in sandstones of this formation, in Worcestershire and 
Warwickshire, and among them the bivalve shell called Posidonia 
minutOy Goldf., before mentioned (fig. 471. p. 437.). 

The member of the English “ New Red” containing this shell, in 
those parts of England, is, according to Sir Roderick Murchison 
and Mr. Strickland, 600 feet thick, and consists chiefly of red marl 
or slate, with a band of sandstone. Ichthyodorulites, or spines of 
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Uifbodus, teeth of f]sho>, and footprints of reptiles were observed by 
the same geologists in these strata ; * and the remains of a saurian, 
called Hhipichosaurus^ have been found in this portion of the Tria^ 
;ii Grinsell, near Shrewsbury. 

fii Cheshire and Lancashire the gypseous and saliferous red shales 
and clays of the Trias are between 1000 and 15(X) feet thick. In 
M>inc‘ places lenticular masses of rock-salt are interpolated between 
the argillaceous beds, the origin of which will be spoken ol in the 
secpiel. 

The lower division or English representative of the ‘‘Bunter 
attains a tliickness of (iOO feet in the counties last inenlioned. Be- 
^i<les n‘d and green shales and red saiidstom*s, it comprises much 
Mift white quartzose sandstone, in which the trunks of silieified trees 
have been met with at Allesl(*y Hill, near Coventry. Several of 
them were a toot and a half in diameter, and soim^ yards in length, 
decidedly of <*ouifcrous wood, and showing rings of annual growth.f 
Impressions, also, of the footsteps ol* animals have been detected in 
Lancashire and Clu'sliire in this formation. Some of the most ri‘- 
niarkable occur a few miles from Liverpool, in thewliilisli quartzost? 
sarnlstone of Storton Hill, on the west side of the Mersey. They 
bear a close resemblance to tracks first observed in a member of the 


Upper Ncav Bed Sandstone, at the. village of Ilesseberg, near llild- 
lun-ghausen. in Saxony, to which I have already alluded. ,For many 


years these footprints have been referred to 
a large unknown quadruped, provisionally 
named C heir other Imi by Professor Kaup, 
because the marks both of the fore and hind 
feet resembled imjiressions made by a human 
liaml. (See fig. 483.) The footmarks ai 
Ilesseberg arc partly concave, and jiartly in 
lelief; the former, or the de])ressions, are 
seen upon the upper surface of the sandstone 
>Iabs, but those*, in relief arc only iqion the 
low(.*r surface's, being in fact natural (*asts, 
iorined in the subjacent footprints as in 
moulds. The larger impressions, wliich s(»om 


Fig 4«3. 



Single footKtpp of Cheirnthr- 
rium. niinlrr-HainMi'iii, 
Saxony ; one-rightli of uat 
size. 


to b(j those of the hind foot, are generally 


S inches in length, and 5 in width, and one was 12 inches long. 
Near each large footstep, and at a regular elistimce (about an inch 


Fig. 481. 

liine of footstpps on slab of sandstoiip. Ilildburgliaust-n, in Saxony. 

• Gcol. Trans., Second Ser.,vol.v. n. p. 439.; and Murchison and Strick- 
1 , 18 . &o. land, Gcol. Trans., Second Ser., vol. v. 

t Buckland, Froc. Geol. Soc., vol. ii. p. 347. 
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and a half), before it, a smaller print of a fore foot, 4 inches long and 
3 inches wide, occurs. The footsteps follow each other in pairs, each 
pair in the same line, at intervals of 14 inches from i)air to pair. 
The large as well as the small steps show the great toes alternately 
on the right and left side ; each step makes the print of five toes, 
the first or great toe being bent inwards like a thumb. Though the 
lore and hind foot differ so much in size, they are nearly similar in 
form. 

The similar footmarks afterwards observed in a rock of eorre- 
s}>onding ago at Storton Hill were imprinted on fivci thin beds of clay, 
superimposed one upon the other in the same quarry, and separated 
by beds of sandstone. On the lovrer surface of the sandstone strata, 
Hie solid casts of each impression are salient, in high relief, and 
afford models of the feet, toes, and claws of the animals which trod 
on the clay. On the same surfaces Mr. J, Cunningham discovenjd 
(1839) distinct casts of ruin-drop markings. 

As neither in OtTmany nor in England any bones or teeth had 
been met with in the same identical strata as the footsteps, anato- 
mists indulged, for several y(‘ars, in various conjectures respecting 
the mysterious animals from which they might liave been (leriv(*d. 
Professor Kanp suggested that the unknown quadruped might have 
b(*cn allied to the Marsupiftlia ; for in the kangaroo the first toe of 
the fore foot is in a similar manner set obliquely to the others, like a 
thumb, and the disproportion between the fore and hind leet is also 
very great. But M. Link conceived that some of the four s])ecics of 
animals of which the tracks had been found in Saxony might have 
been gigantic Batrachians ; and Dr. Bucklaud designated some of 
the footsteps as those of a small Aveb-footed animal, probably croco- 
dilian. 

In the course of these discussions several naturalists of Liverpool, 
in their report on the Storton quarries, declared their opinion that 
each of the thin seams of clay in which the sandstone casts Avere 
moulded had formed successively a surface above water, over Avliich 
tlie Cheirotherium an<l other animals Avalked, leaving impressions of 
their footsteps, and that each layer had been afterwards submerged 
by a sinking down of the surface, so that a new beach was formed at 
low Avater above the former, on Avhich other tracks were then made. 
The r(*peated occurrence of ripple-marks at various lieights and 
de])ths ill the red sandstone of Cheshire had been explained in the 
same manner. It Avas also remarked that impressions of such depth 
and clearness could only have been made by animals walking on the 
land, as their weight aa^ouUI have been insufficient to make them sink 
so dec'ply in yielding clay under water. They must, therefore, have 
been air-breathers. 

When the inquiry had been brought to this point, the reptilian 
remains discovered in the Trias, both of Germany and England, Averc 
carefully examined by Trof. Owen. He found, after a microscopic 
investigation of the teeth from the German sandstone called Keuper, 
and from the sandstone of Warwick and Leamington (fig. 485.), 
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tliat neither of them could be referred to true saiirians, although they 
had been named Mastodonsaurm and Phytosaurus 
by Jiiger. It appeared that they were of the Bn~ 
trachian order, and of gigantic dimeiiMona in com- 
parison with any representatives of that order now 
living. Both the Continental and English fossil 
teeth exhibited a most complicated texture, differ- 
ing from that previously observed in any reptile, 
whether recent or extinct, but most nearly ana- Tooth of hnhynntho- 
logous to the Ichlhyosnurvs. A section of one of w/ck\a'nUbVoue^ 
these tc(ith exhibits a series of irregnlar^folds, re- 
sembling the labyrinthic windings of the surface of tlie brain ; and 
from this cliaraeter Prof. Owen has ]»roposed tho Jianie lAthyriniho- 
don for the new genus. 'J'he aiiiH^xed re]>resontation (lig. 4S(>.) of 
part of one is given from his “Odontography,” plate ()4 A. The 
entire length of this tooth is su))posed to have b(‘en about three 
inches and a half, and the breadth at the base one inch and a half. 



rig. 480. 



Transverse scetion of tooth of hahyrintfiodon Jaegert, Owen {Mdstodorisaunis Jaefr^rtt 
Meyer) ; nai. size, and a segment nringnified. 

a. pulp cavity, from which the processes ot pulp and dnulne radiate. 

When l^rof. Owen had satisfied himself, from an inspection of the 
cranium, jaws, aiid teeth, that a gigantic Bntrrwhinn Jiad existed at 
the jieriod of the Trias or Up]»er New Tied Sandstone, he soon found, 
from the examination of various bones deriv(‘d from the sfiinc forma- 
tion, that he could define three species of Labyrinlhodon, and that in 
this genus the hind extremities were much larger tlian the anterior 
ones. This circumstaTice, coupled with the fact of the Lahyrinthodon 
having existed at the ])eriod when the Cheirotherian footsteps were 
made, was the first step towfirds the identification of those tracks 
with the newly discovered Batrachian. It was at the same time 
observed that the footmarks of Cheirotherium were more like those 
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of toads than of any other living animal ; and, lastly, that the size of 
the three species of Lnhijrinthodon corresponded with the size of 
three different kinds of footprints which had already been supiiosed 
to belong to three distinct Cheirotherin, It was moreover inferred, 
witli eonlideiiee, that the Labyrinthodon^^xsA an reptile 

from llnj structure of the nasal cavity, in which the ])Ostcrior outlets 
were at <he back part of the mouth, instead of being directly under 
the anterior or external nostrils, ft must have resj)ired air after the 
manner of saurians, and may therefore have imprinted on the shore 
tliosc footsteps, Avhich, as we have seen, could not have originated 
IVuni an animal walking underwater. 

J5ut tlic structure of the foot is still wanting, and a more con- 
in‘ct(id and complete skeleton is required for demonstration ; for the 
circumstantial evidence above stated is not sti’ong enough to produce 
in the minds of some eminent anatomists the conviction that the 
Chcirntherhim and Lnbyrinthodon are one and the same. 

Dolowitic Conglomerate of Bristol. — Near llristol, in Somerst^t- 
shire, and in other counties bordering the Severn, are certain 
strata which r(,‘st unconforinably upon the coal-measures, and consist 
of a conglomerate called “dolomitic,” because the pebbles of older 
rocks contained in it are cemented together by a red or yellow base 
of do!()mit(‘. This conglomerate or breccia occurs in patches over 
the downs near Bristol, and upoji the flanks of the hills, filling up 
hollows and irregularities in the Old Red Sandstone, Millstone Grit, 
and Mountain Limestone. The embedded fragments are both 
rounded and ajignlar, and some of them of vast size, i.'specially those 
of millstono grit, weighing nearly a ton. It is principally coin- 
j)0sed, at every s[»ot of the debris, of those rocks on which it ini- 
inediately rests. At one point we find piccres of coal-shale, in 
another of mountain limestone, recognizable by its peculiar shells and 
zoophytes. Fractured bones, also, and teeth of saurians of contem- 
poraneous origin, are dispersed through some j)arts of the breccia. 

These saurians are distinguished by having the teeth implanted 
deeply in the jaw-bone, and in distinct sockets, instead of b(‘ing 
soldered, as in frogs, to a simple alveolar parapet. In the doloinitic 


Teeth of Saiirhins. Doloinitic conglomcMtr ; Kedlaml, near Bristol, 
rip. 487. rip. 488. 



Tooth of rala'os.iurns 
platyodon]; nat. size. 



Tootli of Thecodonfosaurvs ; 
3 times mapnified. 


conglomerate near Bristol the remains of species of two gener/i 
liave been found, called 'Fhecodontosaurus and P ahtosaurus by Dr* 
Ililey and Mr. Stutchbury ; * the teeth of which are conical, com- 
pressed, and with finely serrated edges (figs. 487. and 488.). 

* Geol. Trans., Second Series, vol. v. p. 349., PI. 29. figs. 2 and 5. 
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Messrs. Conybeare and Buck land referred the strata containing 
these sanrians to the period of the inagiicsiaii limestone, or the 
lowest paj-tof their Toikilitic series, mid for a long time tliese reptiles 
ranked as the most ancient representatives of their class which had 
IxMMi found in any British rocks ; but Sir II. I)e la Beeho afterwards 
]»ointed out that, in cons(‘(iuencc of the isolated position of the 
hrcccia containing the fossils in question, it was very difficult to 
<lcterinine to what precise part of the Poikilitie sei'ies they be- 
longed.* ^lore lately, our Government surveyors have satisfied 
ilieinselvi's that the breccia is of Triassic date, probably referable 
to the base of the Keu])cr. 

Orifjin of lied Sandstoiu* and Rock Salt. 

Wc have seen that, in various parts of the world, red and mottled 
rljiys and sandstones, of several distinct geological c*pochs, are 
1‘oiind associated witli s:ilt, gy])suin, magnesian limestone, (»r Avith 
one or all of these substances. There is, therefore, in all likelihood, 
a gencMal cause for such a coincidence*. Neverthedess, Ave must not 
I'orgcM that there are dense masses of red and variegated sandstones 
smd ehiys, thousands of feet in thickness, and of vast horizontal ex- 
n nt, Avliolly devoid of saliferous or gypseous matter. There arc* also 
deposits of gypsum and of muriate of soda, as in tlie blue clay fonna- 
lion of Sicily, AAdthout any accompanying red sandstone or red clay. 

To aecouiit for dc'posits of red mud and red sand, Ave have simply 
!<» sup|K)>e the disintegration of ordinary erystalline or rnetainorphic 

TIius, in the (.‘astern Grampians of Scotland, in tJie north 
of Forfarshire, for example, the mountains of gneiss, mica-schist, 
■ind clay-slate an*, overspread Avith alluviuin, derived from the disiii- 
leirratiori of those rocks ; and the mass of (hdritus is stained by 
<»\id(‘ of iron, of ju’ceisely the same colour a.s the Old Red Sand- 
‘•lone of tlie adjoining loAvlands. Noav this alluvium merely requires 
ro l>e sAvept doAvn to the sea, or into a lake*, to form strata of red 
'jiridslone and red marl, precisely like the niass of tlie *‘ Old 
lh*d ” or “ New Red ” systems of England, or thoM* tertiary de])osits 
<»f Auvergne (see p. i^21.), before descri])ed. which are in litho- 
loujical characters quite undistinguisliahle. The pebbles of gii(‘i!«-s 
ill the Eocem? red saiidstom* of Auv(?rgne point clearly to the rocks 
from Avhieh it has been derived. The red colouring matter may, 
in the Grampians, have been furnished by the dec.oiii])0>iti(m of 
hoi nblendc or mica, Avliieli contain oxide of iron in large quantity. 

It is a general fact, and one not yet accounted for, that scarcely 
iiiiy fossil remains are preserviid in stratified rocks iu which this 
nxide of iron abounds ; and Avlien Ave line! fossils in the N(.*w or Old 
Red Sandstone in England, it is in the grey, and usually calcareous 
hiTls, that tliey occur. 

Tlie gyj)siiin and sjiline matter, occasionally interstrati lied Avitli 
'uch red clays and sandstouds of various ages, primary, secondary, 

* Memoirs of (Jcol. Siin.cy of Great Britain, vol. i. p. 268. 
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and tertiary, have been thought by some geologists to be of volcanic 
origin. Submarine and subaerial exhalations often occur in regions 
of earthquakes and volcanoes far from points of actual eruption, and 
charged with sulphur, sulphuric salts, and witli common salt or 
muriate of soda. In a word, such “ solfataras ” are vents by which 
all the products which issue in a state of sublimation from the craters 
of active volcanoes obtain a passage from the interior of the earth 
to the surface. That such gaseous emanations and mineral springs, 
impregnated with the ingredients before enumerated, and often in- 
tensely heated, continue to flow out unaltered in composition and 
temperature for ages, is well known. But before we can decide on 
their real instrumentality in ])roducing in the course of ages beds 
of gypsum, salt, and dolomite, we require to know more respecting 
the chemical changes actually in progress in seas where volcanic 
agency is at work. 

The origin of rock salt, however, is a problem of so much interest 
in theoretical geology as to demand the discussion of another hypo- 
thesis advanced on the subject ; namely, that which attributes the 
precipitation of the salt to evaporation, whether of inland lakes or 
of lagoons communicating with the ocean. 

At North wich, in Cheshire, in the Upper Trias or Ecu per, two 
beds of salt, in great part unmixed with earthy matter, attain the 
extraordinary thickness of 90 and even 100 feet. The upper 
surface of the highest bed is very uneven, forming cones and irre- 
gular figures. Between the two miisses there intervenes a bed of 
indurated clay, traversed with veins of salt. The highest bed thins 
off towards the south-west, losing 15 feet in thickness in the course 
of a mile.* The horizontal extent of these particular masses in 
Cheshire and Lancashire is not exactly known ; but the area, con- 
taining saliferous clays and sandstones, is supposed to exceed 150 
miles in diameter, while the total thickness of the trias in the same 
region is estimated by Mr. Ormerod at more than 1700 feet. lli])ple- 
marked sandstones, and the footprints of animals, before described, 
arc observed at so many levels that we may safely assume the 
w'holo area to have undergone a slow and gradual depression during 
the formation of the Red Sandstone. The evidence of such a move- 
ment, wholly independent of the presence of salt itself, is very im- 
poi tant in reference to the theo »7 uJider consideration. 

In the “ Principles of Geology ” (chap, xxvii.), I published a map, 
furnished to me by the late Sir Alexander Burnes, of that singular 
flat region called the Ruiiii of Cutch, near the delta of the Indus, 
which is 7000 .square miles in area, or equal in extent to about one- 
fourth of Ireland. It is neither land nor sea, but is dry during a 
part of every year, and again covered by salt water during the 
monsoons. Some parts of it are liable, after long intervals, to be 
overflowed by river-water. Its surface supports no grass, but is 

* Ormeroil, Quart. Geol. Journ., 1848, vol. iv. p. 277. 
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encrusted over, here and there, by a layer of salt, about an inch 
in depth, caused by the evaporation of sea-water. Certain tracts 
liavo been converted into dry land by upheaval during earthquakes 
since the commencement of the present century, and, in other direc- 
tions, the boundaries of the Runn have been enlarged by subsidence. 
That successive layers of salt might be thrown down, one upon the 
other, over thousands of square miles, in such a region, is undeniable. 
The supply of brine from the ocean would be as inexhaustible as 
the supply of heat from the sun to cause evaporation. The only 
assumption required to enable us to explain a great thickness of 
salt in such an area is, the continuance, for an indehnite period, of 
a subsiding movement, the country preserving all the time a general 
approach to horizontality. Pure salt could only be formed in the 
central parts of basins, where no sand could bo drifted by the wind, 
or sediment be brought by currents. Should the sinking of the 
ground be accelerated, so as to let in the sea freely, and deepen the 
water, a temporary suspension of the precipitation of salt would be 
the only result. On the other hand, if the area should dry up, 
ripple-marked sands and the footprints of animals might be formed, 
where salt had previously accumulated. According to this view, the 
tlii(;kiiess of tho salt, as well as of the accompanying beds of mud 
and sand, becomes a mere question of time, or requires simply a re- 
petition of similar operations. 

Mr. Hugh Miller, in an able discussion of this question, refers to 
Dr. Frederick Parrot’s account, in his journey to Ararat (1836), ol' 
the salt lakes of Asia. In several of these lakes west of the river 
Manecli, “ the water, during tho hottest season of the year, is 
eoviiieil on its surface with a crust of salt nearly an inch thick, 
which is collected with shovels into boats. The crystallization of 
tile salt is elfected by rapid evaporation from the sun’s heat and the 
siijiersaturation of the water with muriate of soda; the lake being 
so shallow that the little boats trail on tho bottom and leave a furrow 
heliind them, so that tho lake must bo regarded as a wide pan of 
('normous superficial extent, in which tho brine can easily reach the 
ilegreii of concentration required.” 

Another traveller. Major Harris, in his “ Highlands of Ethiopia,” 
describes a salt lake, called the Bahr Assal, near the Abyssinian 
frontiiT, which once formed the prolongation of the Gulf of Tadjara, 
hut was afterwards cut off from tho gulf by a broad bar of lava or 
of land upraised by an earthquake. “ Fed by no rivers, and exposed 
ill a burning climate to the unmitigated rays of the sun, it has 
slirunk into an elliptical basin, seven miles in its transverse axis, 
Jiiilf filled with smooth water of the deepest cicrulean hue, and half 
with a solid sheet of glittering snow-white salt, tho offspring of 
evaporation.” “If,” says Mr. Hugh Miller, “we suppose, instead of 
a barrier of lava, that sand-bars were raised by tho surf on a flat 
arenaceous coast during a slow and equable sinking of the surface, 
the waters of the outer gulf might occasionally topple over the bar, 
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and supply fresh brine when the first stock had been exhausted by 
evaporation.” * 

We may add that the permanent impregnation of the waters of 
a large shallow basin with salt, beyond the proportion which is usual 
in the ocean, would cause it to be uninhabitable by mollusks or fish, 
as is the case in the Dead Sea, and the muriate of soda might 
remain in excess, even though it were occasionally replenished by 
irruptions of the sea. Should the saline deposit be eventually sub- 
merged, it might, as we have seen from the example of the Rumi of 
(.’utcli, be covered by a freshwater formation containing fluviatile 
organic remains ; and in this way the apparent anomaly of beds of 
sea-salt and clays devoid of marine fossils, alternating with others 
of freshwater origin, may be explained. 

Dr. G. l^uist, in a communication to the Bombay Geographical 
Society (vol. ix.), has asked how it happens that the Bed Sea should 
not exceed the of)en ocean in saltness by more than -j^^th per cent. 
The Red Sea receives no supply of water from nny quarter save 
through the Straits of Babelmandeb ; and there is not a single river 
or rivulet flowing into it from a circuit of 4000 miles of shore. The 
countries around arc all excessively sterile and arid, and composed, 
for th(^ most part, of burning deserts. From the aseertained eva- 
poration in tluj s(;a itsidf. Dr. Buist computes that nearly 8 feet 
of punj water must be carried off from the whole of its surface 
annually, this being probably (*quivalent to part of its whole 

volume. The Red Sea, therefore, ought to have 1 p(T cent, added 
annually to its saline contents ; and as these constitiiti* 4 ])er cent, 
by weight, or per cent, in volume of its entire mass, it ought, 
jissuming the average depth to be 800 feet, which is supposed to 
be far beyond the truth, to h.ave b(*en converted into one solid salt 
formation in less than 11000 years.f Does the Red Sea receive 
a supply of water from the ocean, througli the narrow Straits fjf 
Babelmandeb, sufficient to balance the loss by evajmration ? Ainl 
is there an undercurrent of heavier saline water annually flowing 
outwards? If not, in what manner is the excess of salt dis])Osed 
of? An investigation of this subj(‘ct by our nautical surveyors may 
perha}>s aid the geologist in framing a true theory of the origin ot 
I’ock-salt. 

Trins of the 'Jniied States. 

ConUJield of llichmond, Virginia . — There are large tracts on the 
globe, as in Russia and the Atlantic border of the United States, 
where all the members of the oolitic series are unrepresented. In 
the State of Virginia, at the di^^tanco of about 13 miles eastward of 
Richmond, the capital of that State, there is a regular coal-field 
occurring in a depression of the granite rocks (see section, fig. 489.). 
It extends 26 miles from north to south, and from 4 to 12 from east 

* Hugh Miller, First Iinpicssions of f Buist, Trans, of Bombay Geograph. 
England, 1847, pp. 18S. 214. Soc., 1850, vol. ix- p 38. 
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Fig. 489 . 



Section showinj; the geological poaitiua of the James Rlfer, or Bast Vlrgloian Coal-field. 
A. Cranite, gneiss, &c. B. Coal-measures. 

C. Tertiary straU. D. Drift or anctent alluvium. 


to west. Professor W. B. Rogers formerly referred these strata to 
the lower part of the Jurassic group ; and this opinion 1 adopted in 
former editions of this work, after collecting a large number of fossil 
plants, hsh, and shells, and examining the coal-field throughout its 
whole area. The plants consist chiefly of zamites, calamites, equiseta, 
and ferns. The equiseta are very commonly met with in a vertical 
position more or less compressed perpendicularly. It is clear that 
they grew in the places where they are now buried in strata of 
hardened sand and mud. I found them maintaining their erect atti- 
tude, at points many miles distant from others, in beds both above 
and between the seams of coal. In order to explain this fact we 
must suppose sucti shales and sandstones to have been gradually 
accumulated during the slow and repeated subsidence of the whole 
region. 

It is worthy of remark that the Equisetum columnare of these 
Virginian rocks appears to be undistinguishable from the species 
found in the oolitic sandstones near Whitby in Yorkshire, where it 
also is met with in an upright position. One of the Virginian fossil 
ferps, Pecopteris Whithyemis^ is also a species which has been con- 
sidered as common to the Yorkshire oolites, although Professor Heer 
doubts its identity.* 

But the plants upon the whole are considered by Professor Heer 
to have the nearest atfinity to those of the European Kouper. When 
Sir Charles Bunbury compared them in 1847 to the fossil plants cf 
Neueweld near Basle, and of other plant-bearing rocks near Baireuth, 
he supposed, as Unger had done before him, that those localities 
were? Lia.s$ic, whereas geologists afterwards determined them to be 
of Upper Triassic date. 

The fossil fish are Gcanoids, some of them of the genus CatopteruSy 
others belonging to the liassic genus Tetragonolepis {^chmodus)^ 
see fig. 452. p. 418. Fossil inollusca are very rare, as usually in all 
coal-bearing deposits, but two species of Entomostraca called 
Esfheria are in such ])rofusion in some shuly beds as to divide them 
like the plates of mica in micaceous shales (see fig. 490.). 

* See description of the coal-field by Bunbury, Esq., Quart. Geol. Journ., vol. 
the Author,' aud of the Blunts by C. J. F. ii». p. 28 1. 
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These Virginian coal-measures are composed of grits, sandstones, 
and shales, exactly resembling those of older or primary date in 


Fig. 490. 



a. EMihcria ovaia. h. .'-niinR of name. 

Oolitic coal-shale, Rirhmond, Virginia. 


America and Europe, and they rival or even surpass the latter in 
the richness and thickness of the coal-seams. One of these, the main 
seam, is in some places from 30 to 40 feet thick, composed of pure 
bituminous coal. On descending a shaft 8(K) feet deep, in the 
Biackheath mines in Chesterfield County, I found myself in a 
chamber more than 40 feet high, caused by the removal of this coal. 
Timber props of great strength supported the roof, but they were 
seen to bend under the incumbent weight. The coal is like the 
finest kinds shipped ut Newcastle, and when analysed yields the 
same proportions of carbon and hydrogen — a fact worthy of notice 
when wo consider that this fuel has been derived from an assemblage 
of plants very distinct specifically, and in part generically, from 
those which have contributed to the formation of the ancient or 
palaeozoic coal. 

New Red Sandstone of the Valley of the Connecticut River , — In 
a depression of the granitic or hypogene rocks in the States of 
Massachusetts and Connecticut, strata of red sandstone, shale, and 
conglomerate are found, occupying an area more than 150 miles in 
length from north to south, and about 5 to 10 miles in breadth, the 
beds dipping to the eastward at angles varying from 5 to 50 degrees. 
The extreme inclination of 50 degrees is rare, and only observed in 
the neighbourhood of masses of trnp which have been intruded into 
the red sandstone while it was forming, or before the newer parts of 
the deposit had been completed. Having examined this series of 
rocks in many places, I feel satisfied that they were formed in shallow 
water, and for the most part near the shore, and that some of the 
beds were from time to time raised above the level of the water, and 
laid dry, while a newer series, composed of similar sediment, was 
forming. The red flags of thin-bedded sandstone are often ripple- 
marked, and exhibit on their under-sides casts of cracks formed in 
the underlying red and green shales. These last must have shrunk 
by drying before the sand was spread over them. On some shales 
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of the finest texture impressions of rain-drops may be seen, and casts 
of them in the incumbent argillaceous sandstones. Having ob- 
served similar markings produced by showers, of which the precise 
(late was known, on the recent red mud of the Bay of Fundy, and 
(iasts in relief of the same on layers of dried mud thrown down by 
subsequent tides*, I feel no doubt in regard to the origin of some of 
the ancient Connecticut impressions. I have also secMi on the mud- 
flats of the Bay of Fundy the footmarks of birds ( Tringa minuta\ 
which daily run along the borders of that (*>luary at low water 
and which I have described in my travels.f Similar layers of red 
inud, now hardened and (!ompressed into shale, are laid opcm on the 
hanks of the Connecticut, and retain faithfully the impressions and 
casts of the feet of numerous birds and reptiles which walked over 
t hem at the time when they were deposited, probably in the Triassic 
period. 

According to Professor Hitchcock, the footprints of no less than 
Ihirty-two species of bipeds, and twelve of quadrupeds, have been 
alrciady detected in these rocks. Thirty of these are believed to be 
those of birds, four of lizards, two of chelonians, and six of batra- 
chians. The tracks have been found in more than twenty places, 
scattered through an extent of nearly 80 miles from north to south, 
and they are repeated through a succession of beds attaining at 
horno points a thiekiiess of more than 1000 feet, which may have 
been thousands of years in forniing.J 

As considerable scepticism is naturally entertained in regtird to 
the nature of the evidence derived from footprints, it may he well 
to enumerate some facts respecting them on which the faith of the 
geologist may n\st. When I visited the United States in 1842, more 
than 2000 impressions had been observed by Professor Hitchcock, 
ill the district alluded to, and all of them were indented on the 
upper surface of the layers, while the corresponding casts, standing 
out in relief, were always on the lower surfaces or planes of the 
strata. If we follow a single line of imirks we find them uniform 
in size, and nearly uniform in distance from each other, the toes of 
two successive footprints turning alternately right and left (see fig. 
491.). Such single lines indicate a biped ; and there is generally 
such a deviation from a straight line in any three* successive prints, 
as we remark in the tracks left by birds. There is also a striking 
relation between the distance separating two footprints in one series, 
and the size of the impressions ; in other words, an obvious propor- 
tion between the length of the stride and the dimension of the 
creature which walked over the mud. If the marks are small, they 
may be half an inch asunder ; if gigantic, as, for example, where 
the toes are 20 inches long, they are occasionally 4 feet and a half 

• Principles of Geology, 9th ed., p. } Iliichrock, Mem. of Amor. Acad.. 
203 . New Senes, vol. lii. p. 129., 1848. 

t Travels in N. America, vol. ii. p. 1 68. 

<j o 2 
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iipart. Tlic bipedal impressions are for the most part trifid, and 
show the same numljor of joints as exist in the feet of living tridac- 
tylous birds. Now, such birds have three phalangeal bones for the 
inner toe, four for the middle, and five for the outer 
lyi. one (see fig. 491.) ; but the impression of the ter- 
minnl joint is that of the nail only. The fossil foot- 
' ; lilj'il' V prints exhibit regularly, where the joints are seen, 

' IV *!? , the same number ; and we see in each conthiuous 
j/ii; / ' , line of tracks the three-jointed and five-jointed toes 

1 Jji , , placed alternately outwards, first on the one side and 

then on the other. In some specimens, besides irn- 
pressioiis of the three toes in front, the rudiment is 
i /i ' seen of the fourth toe behind. ‘It is not often that 

(), l! the matrix has been fine enough to retain imi^ressions 
of file integument or skin of the foot; but in one 
fine specimen found at Turner’s Falls on theConnec- 
ticut, by Dr. Deane, these markings are well pre- 
served, and have been recognized by Professor Owen 
§ ! (' as resembling the skin of the ostrich, and not that of 

iH'ptiles.* Much care is required to ascertain tlie 
precis(* layer of a himinated rock on which an animal 
has walked, because the impression usually extends 
|)|i|;jr|,;K^ downwards tlirougli several lamin.T ; and if the 

Iy upper lay (*r originally trodden upon is wanting, the 

mark of one or more joints, or even in some cases an 
* ' on tin? toe, wliicli sank less dee]) into the soft ground, 
t' V'l may disa])pear, and yet the remainder of the footprint 

be w'ell defined. 

root|iiiiits ofabiiti. j^i 2 e of several of tlie fossil impressions of the 

J iiriu'i iil-aIIs,Val > 

cyof tlie Conner- Coiiiicctiont j’cd samlstojic SO far exceeds that of any 

inif. ( Si-e Dr . . . . i> . i 

Dtniic, Mem. oi living osti’icli, tluit iiaturulists at lirst Were extrcmcly 

*’ advci'i^e to the opinion of their having been made by 

birds, until the bones and almo'^t entire skeleton of 
the Dhiornis and of other feathered giants of New Zealand were 
dis-covered. Their dimensions have at least destroyed the force of 
tin's particular objt'ctioii. Tlie magnitude of the impressions of the 
feet of a heavy animal, which has walked on soft mud, increases for 
sume distance below the surface on\ inally trodden' upon. In order, 
therefore, to guard against exaggeration, the casts rather than llm 
mould are relied on. 'J1i(*se casts show that some of the fossil bipeds 
had leet four times as large as the ostrich, but not perhaps much 
larger tliaii the Duto?'nis. 

'Die eggs of anotlier gigantic bird, called JEpiorjns, which lias 
jirobably been exterminated by man, liave recently b(‘(jn discovm*e<l 
ill an alluvial dejiosit in Madagascar. TJie egg has six times the 


'V ' I ■ , 


IV i 


f'?'' lyJlr'I.' 






root|iiii)(s of a blitl. 
rnnu'i 'sTalls, A'al 
oy of the Conner- 
't'nf. ( Si-e Dr 
Den lie, Mein, of 
.Aiiier .Acad., vol. 

IV. 


* 'fliis specimen was in the late small and the largest of the Connecticut 
])r. Maiitcll's museum, and indicated u species, 
bird of a size iiiteruicduile between the 
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oap.icity of that of tlie ostrich ; but, judging from the large size of 
the egg of the Apteryx^ Professor Owen does not believe that the 
^Epiornis exceeded, if indeed it equalled, the Dinornis in stature. 

Among the supposed bipedal tracks, a single distinct animal only 
lias been observed of feet in which there are four toes directed for' 
wards. In this case a series of four footprints is seen, each 22 
inches long and 12 wide, with joints much resembling those in lie- 
toes of birds. Professor Agassiz has suggested that it might have 
belonged to a gigantic bii^edal batrachian. Other naturalists have 
called our attention to the fact, that some quadriqieds, when walk- 
ing, place the hind foot so precisely on the spot just (juitted by tin* 
for(^ foot, as to produce a single bne of imprints, like those of a. 
biped ; and Mr. Wtiterhoiise Hawkins has remarked that certain 
species of frogs and lizards in Australia have* the two outer toes 
so slightly developed and so much raised that they might leave 
tridactylous footjirints on mud and sand. Another osteologist, Dr. 
L(‘idy, in the United States, observed to me that the ])terodaetyl 
was a bi])edal reptile approaching the bird so nearly in the structure 
and shape of its wing-bones and tibiae, that some of these last, 
obtained from the Chalk and Wealden in England, had been mis- 
taken by the highest authorities for true birds’ bones. May not tin* 
foot, therefore, of a pterodactyl have equally r(‘sembled that of a. 
bird ? lie this as it may, the greater number of the American 
impressions agree so jirecisely in form and size with the foot- 
marks of known living birds, especially with those* of waders, that 
w(; shall act most in a(!cordance with known analogies by ref(‘rring 
most of them at ])resent to teathcred, rather than to I’eatlierless 
bipeds. 

No bones have as yet b(*en met with. Avhether of j)terodaetyl or 
binl, in the rocks of the Connccticnt, but there are numerous eopro- 
lit(‘s ; and an ingenious argument has been derived hy Dr. Ihina 
from the analysis of these bcnlies, and the ])roportion they eontain ol‘ 
uric acid, ])hosphate of lime, carbonate of lime, and organic matter, 
TO show that, like guano, they are the droppings of birds ratla*!- than 
t)f reptiles. 

Some of the quadrupedal footprints which aecoinjiauy tliose of 
birds are analogous to Europ(*aii Cheirotheria^ and with a similar 
disproportion betweam the hind and fore feet. Oth(‘rs resemble that 
remarkable reptile, the Rhynchosanrns of the English Trias, a crea- 
ture having some relation in its osteology both to ehelonians and 
birds. Other imprints, again, .are like those of turtles. 

Mr. Darwin, in his “Journal of a Voyage in the Ileagle,” informs 
us that the “ South American ostriches, although they live on vege- 
table matter, such as roots and grass, .are I’epeatedly seen at Bahia 
Blanca (lat. 39® S.), on the coast of Buenos Ayres, coming down at 
low water to the extensive mud-banks wliich are then dry, for the 
sake, as the Giiaclios say, of feeding on small jish.” Thew readily 
take to the water, and have been seen at tlie Bay of San Bias, and 
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at Port Valdez, in Patagonia, swipiming from island to island.* Jt 
is tlierefore evident, tliat in our times a South American mud-bank 
miglit be troflden simultaneously by ostriches, alligators, tortoises, 
and frogs ; and the impressions left, in the nineteenth century, by 
the feet of tliese various tribes of animals, would not differ from 
each other inoni entirely than do those attributed to birds, sauriaiis, 
chelonians, and batrachians in the rocks of the Connecticut. 

To <letennin(i the exact age of the red sandstone and sliale con- 
taining th(jse ancient footprints in the United States, is not j)ossible 
at present. No fossil shells have yet been found in the deposit, nor 
plants ill a determinable state. The fossil fish are numerous and 
\ ery perfect ; but they are of a peculiar type, which was originally 
ivfiMTed to the g(*nus Pala*07iiscus, but lias since, with propriety, 
been ascribed, by Sir Pliilip Egerton, to a new genus. To this lie 
has given the name of Ischi/pterus, from the great size and strength 
of the fuleral rays of the dorsal fin (from strength, and irrspoij 

a fin). They differ from Palaomscus\ as Mr. Redfieid first pointed 
out, hy having the vertebral column prolonged to a more limited ex- 
tent into tlie up])er lobe of the tail, or, in the language of M. Agassiz, 
(liey are less heterocercal. The teiJth also, according to Sir 
Egerton, who, in 1844, examimjd for me a tine series of specimens 
wiiicli I jiroourcMl at Durham, Connecticut, differ from those of Palm)- 
niscfis in being strong and conical. 

That the sandstones containing these fish are of older date than 
the coal-hearing strata near Richmond in Virginia, which have* 
h(*en shown (p. 149.) to be about the age of the Europ(*an Keupor, 
is probable. Tlie high antiquity of the Connecticut b<*ds eannol 
be proveei by dinjct superposition, but may be jircsuined fi*om the 
general structui’e of the country. That structure proves tlnmi 
to be newer than the movements to which tlie Appalaehian or 
Alleghany chain owes its flejxures, and this chain includes the an- 
cient or |)aheozoic coal-formation among its contorted rocks. The 
unconforniable position of this New lied with ornithichnites on 
the edges of the inclined primary or palieozoic rocks of the Ap- 
palachians is seen at 4. of the section, fig. 552. p. 494. The ab- 
sence of fish with decidedly heterocercal tails may afford an argu- 
ment against the Permian age of the formation ; and the o])iiiion 
that the red sandstone is triassic s^?nis, on the whole, the best that 
we can embrace in the present state of our knowledge. 

In North Carolina, the late Profe.ssor Emmons has described the 
strata of the Chatham coal-field, which correspond in age to those near 
Richmond in Virginia. Jn beds underlying them he has met with 
three jaws of a small insectivoious mammal, which he has called 
Dromathermm ftt/lveslre, closely allied to Spaladoi/ierium. Its nearest 
living analogue, says Professor Owen, “ is found in Mynnecohius ; 
for each ramus of the lower jaw contained ten small molars in a 

* Jouru d of Voyage of Beagle, &c., 2nd edit., p. 89., 1S4.5 
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continuous series, one canine, and three conical incisors — the latter 
being divided by short intervals.” There is every reason to believe 
that this fossil quadruped is at least as ancient as the Microlestes of 
tlui European Trias above described ; and the fact, as I have already 
remarked, p. 387., is highly important, as proving that a certain low 
grade of marsupials had not only a wide range in time from the 
Trias to the Purbeck or uppermost oolitic strata of Europe, but had 
also a wide range in space, namely, from Europe to North Ainericji, 
in an east and west direction, and, in regard to latitude, from Stones- 
lield, in 52'' N., to that of North Carolina, 35'' N. 
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CHAPTER XXIIL 


PERMIAN OR 3IAGNESIAN LIMESTONE GROUP. 

Fopsils of Magnesian LimestoTic and Lower New Red distinct from the Trinssic— 
Term Permian — Kngli»h and German equivalents — Marine shells nn»l corals of 
English Magnesian Limesfone — Pnlaconiscus and other fish of the marl-slate — 
/cchstein and Rothliegendes of Thuiingia — Permian Flora — Its generic ufTinity 
to the Carboniferous — Psaronites or tree-ferns. 


When the use of the term “ Poikilitic ” was explained in the last 
chapter, I stated, that in some parts of England it is scarcely possible 
to separate the red marls and sandstones so called (originally named 
“ the New Red”) into two distinct geological systems. Nevertheless, 
the progress of investigatiem, and a careful comparison of English 
rocks between the lias and the coal with those occupying a similni’ 
geological position in Germany and Russia, havcj enabled geologists 
to divide the Poikilitic formation ; and have even shown that the 
lowermost of the two divisions is more closely connected, by its fossil 
remains, with the carboniferous group than with the trias. If, 
therefore, we are to draw a line between tlui secondary and primary 
fossiliferous strata, as between the tertiary and secondary, it must 
run through the middle of what was once called the ‘‘ New Red, ’ 
or Poikilitic grouj). The inferior half of this group will rank as 
Primary or l^alieozic, while its upper member will form the base of 
tlic Secondary or Mesozoic scries. For the lower, or Magnesian 
Liniestone division of Phiglish geologists. Sir R. Murchison proposetl, 
in 1841, the name of Permian, from Perm, a Russian government 
where these strata are more extensively developed than elsewhere, 
occupying an area twice the size of France, and containing an 
abundant and varied suite of fossils. 

Professor King, in his valuable monograph * of the Permian fossils 
of England, has given a table of ^le following six members of the 
Permian system of the north of England, with what he conceives 
to be the corresponding formations in Thuringia. 


North of EriKlnnd. 

1. Crystalline or concretionary, and 

non-crystalline limestone. 

2. Brecciated and pseudo-brccciatcd 

limestone. 

3. Fossiliferous limestone. 

4. Compact limestone. 

5. Marl- slate. 

6. Inferior sandstones of various co- 

lours. 


Thuringia. 

1. Stinksteiii. 

2. Rauchwacke. 

3. Dolomite, or Upper Zcch«tcin. 

4. Zeehstein, or Lower Zechsteiii. 

5. Merf^el-schiefer, or Kupfcrfcchiefcr. 

6. Rothliegendes. 


* Falieontographical Society, 1850., London. 
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I shall proceeil. therefore, to treat briefly of these subdivisions, 
hofrinning with the highest, mid referring the reader, for a fuller 
description of the lithological character of the whole group, as it 
occurs in the north of England, to a valuable memoir by Professor 
Sedgwick, published in J 836.* 

Crystalline or concretionary limestone (No. 1.). — This formation 
is seen upon the coast of Durham and Yorkshire, between tlie Wear 
and the Tees. Among its cJuiracteristic fossils are Schizodus Schto^ 
theimi (fig. 492.) and Mytilus septifer (fig. 494.). 


Fig. 492. 



St hhthfimi^ Oeinit*. 

( i>sialliuo limi-btuiu*, Furmiaii. 


Fig. 493. 


Tin* liinga of Scftnoilus 
ttumatuit. King. 
Penniar. 


Fig. 494. 



Mytilvs srpti/rr. King. 
S}ii. MtHintut ttnanmata, 
Jhiii(*s Sdu'. 

Ft'rmiAii oryairfltinc lime* 
Bionc. 


These sliells occur at TTartlepool and Sunderland, whore the rock 
a-!'5innes an oolitic and botryoidal character. Some of the beds in this 
division arc ripple-marked; and Mr, King imagines that the absence 
of corals and the clniraeter of the shells indicate s'hallow water. In 
smne parts of the coast of Durham, where the rock is not crystalline, 
it contains as much as 44 per cent, of carbonate of magnesia, mixed 
with carbonate of lime. In other jdaces — for it is extremely vari- 
iible in structure — it consists oliiefly of carbonate of lime, and has 
concreted into globular and hemispherical masses, varying from the 
size of a marble to that of a cannon-ball, and radiating from the 
centre. Occasionally earthy and pulverulent beds pass into compact 
limestone or hard granular dolomite. The stratification is very ir- 
ri‘guhir, ill sorni; places well defined, in others obliterated by the 
concretionary action which has re-arrtinged the materials of the rocks 
Mibsequently to their origiiiaj depositiou. Examples of this arc seen 
at Pontefract and Kipon in Yorkshire. 

The breccia ted limestone (No. 2.) contains no fragments of foreign 
rocks, blit seems composed of the breaking-up of the Permian lime- 
>tone itself, about the time of its consolidation. Some of the angular 
masses iji Tynemouth Cliff are 2 feet in diameter. TJiis breccia is 
considered by Professor Sedgwick us one of the forms of the preced- 
ing limestone, No. 1., rather than as regularly underlying it. The 
fragments are angular and never water-worn, and appear to have 
been re-cemented on tins sjiot where they were formed. It is, tliere- 
1‘ore, suggested that they may have been due to those internal move- 
nients of the mass whicli produced the concretionary structure; but 
I he subject is very obscure, and after studying the phenomenon in 
the Marston Kocks, on the coast of Durham, I found it impossible 

* Trans. Gcol. Soc. Lond., Second Series, vol. iii. p. 37. 
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to form any positive opinion on the subject. The well-known brcr- 
ciated limestones of the Pyrenees appeared to me to present the 
nearest analogy, but on a much smaller scale. 

Tlie /ossiliferous limestone (No. 3.) is regarded by Mr. King as a 
deep-water formation, from the numerous delicate bryozoa which ii 
includes. One of these, Fenestella retiformis (tig. 495.), is a very 


Fig. 49ii. 



a. Fenatt^Ua retiformis. Schist, sp. 

S)!i. (iorgonia itifundibulifortnis, Goldf. ; /tetrporti^uslracen^ Phillips. 
b. part of the same, highly magnified. 

Magnesian Liinebtune, Hiimbleton Hill, near Sunderland.*** 

variable species, and has received many different names. It some- 
times attains a large size, measuring 8 inches in width. The same 
zoophyte, or rather mollusk, with several other British species, is 
also found abundantly in the Permian of Germany. 

Shells of the genera Productus (tig. 496.) anti Strophalosia (the 
latter of allied form with teeth in the hinge), which do not occur in 


Fig. 


Fig. 497. 


Productus horridu^, Sowerby I.ingula CredneiU, 
(including P. calvus, .Sow.) ((jciiiitz.) 

.Sunderhiiid and Diirh.iin, in Magnn. Magnesian 

si.in Liinfstonc ; Zfchstcin .tnd l.iine^bont;; 
Kupferschieter, Germany. Marl-slati* Dur- 

ham ; Zeclistcin, 
Thr iigia. 



Fig. 498. 



Spinfer undulatus^ .Sow. Mm. Con. 
Syn. Triogonotreta undulata, KiugV 
Moiiogr. 

Mugnesiuu Liin^stoue. 


strata newer than the Permian, arc abundant in this division of tht‘ 
series in the ordinary yellow magnesian limestone#^ They are ac- 
companied by certain species of Spirifer {fig. 498.), Lingula Crednerii 
(fig. 497.), and other brachionoda of the true primary or palmozoic 
type. Some of this same tribe of shells, such as Athyris Roissyi, 
allied to Terehratula, are specifically the same as fossils of the car- 
boniferous rocks. Avicula, Arcay and Schizodus (see above, fig* 
492.), and other lamelli branchiate bivalves, are abundant, but spiral 
univalves are very rare. 


King’s Monograph, PI. 2. 
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Tlio compact limestone (No. 4.) also contains organic remains, 
especially bryozoa, and is intimately connected with the preceding. 
IhMieath it lies the marUslate (No. 5.), which consists of hard, cal- 
eareous shales, marl-slate, and thin-bedded limestones. At East 
riiiekley, in Durham, where it is thirty feet thick, this slate has 
yielded many finii specimens of fossil fish of the genera Paheoniscus^ 
PijgopteruSy CcdacanthuSy and PlatysomuSy genera which are all 
found in the coal-measures of the Carboniferous epoch, and which 
therefore, says, Mr. King, probably lived at no gr(*at distance from 
I lie shore. But the Permian species are peculiar, and, for the most 
part, identical with those found in the marl-slate or co])j)er-slale of 
'riiuringia. 

FiK m. 



The Pnlmoniscus above mentioned belongs to that division of 
fishes which M. Agassiz has called “HeterotMTcal,” which have their 
tails unequally bilobate, like the recent shark and sturg(*on, and the 
vertebral column running along the upper caudal lobe. (See fig. 
500.) The Homoccrcal ” fish, which comprise almost all the 


Fig. ,'■>00. 


Fig. ftOI. 



• SliArk. Shad. Herring tnliu.) 

Hftd ocei cal. Jiuuiou’rcal 


9000 Species at present known in the living creation, liiive the tail- 
tin either single or equally divided ; and the vertebral column stops 
short, and is not prolonged into either lobe. (vSee fig. 501.) 

Now it is a singular fact, first pointed out by Agassiz, that the 
heterocercal form, which is confined to a small number of genera in 
the existing creation, is universal in the magnesian limestone, and 
all the more ancient formations. It characterizes the earlier peruahs 
of tJie earth’s history, whereas in the sef!ondary strata, or those newer 
than the Permian, the homoccrcal tail predominates. 

A full description has been given by Sir Philip Egerton of the* 
^^pecies of fish characteristic of the marl-slate, in Prof. King’s mono- 
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iKi'orc r( l’(*iT 0 <l to, where figures of the ichthvolites, which nn* 
very entire and wtdl j»reserv(*d, will be found. Even a single scale 
is usually so characteristically marked as to indicate the genus, and 
sometimes even the particular species. They arc often scattered 
through the beds singly, and may be useful to a geologist in deter- 
mining the age of the rock. 

scal('4 of full. MagneBiiin liinPRtonc. 


Tig. '»n3. Fig. 604. Fig. .Wri. 



1 jg. iiiJ. Pni’a-omiiCUit {OmptHs^ \aa^si7.^ mairniruMi. M.irUslatP. 

Fig. Pnttroni<>cit\ .SMtIg. I'litU-t aiirt.ue uf hCiile, ninpiiliecl. M irl-sl.itp. 

I'ljf. V 1. Pttla‘ 0 }in.fiit filtiphi/rn^, l iulrr surt.ict* n| simIp. njaginfied. M.irl-slarp. 

l-'ig. ''O'! ( eeliuiinthus i;nnin1(Tlus, Ag. (ir.inul;itfd tiurf.ice of bcale, inagnifud. Marl slutc 



J* t/fiuf if I'i vHiudtbularts^ Ag. Miiil-slate. Acrolepts Snffrtrtchi, Ag. 

iit«idp .tf M'ldi , iiitignifi ‘d. OulruIk ot Rmlp, inagnilied. 

ndt-r ^ irfuce < I same. Marl.^i.lt(^ 


The htfenor Aandstoncs (No. 6., 7'ab., p. 456.), which lie boneatli 
the inarl-r.lat<% consist of sandstone and sand, separating the mair- 
iiesian limestone from the coal, in Yorkshire and Jliirharn. In sonic 
instance.s, re<l marl and gyp.snm have been found a.s.sociated with 
ihes(^ be<ls. They have been classed with the magnesian liimvstonc 
by Profi'.ssor SedgAvick, as ludng nearly co-extensive with it in geo- 
graphical range, though their relations arc very ob.scnrc. In sonic 
n‘gions Ave find it stated that the enib(*dded plants are all specifically 
identical Avith iho'je of the ••arboiiiferous s(*ries ;• and, if so, they 
jirobably belong to that ejioch ; for the true Permian flora apjiears, 
fi'om the r<‘searches of IMM. Murchison and de Verneuil in Rii-vsia, 
and of MjNI. Geinitz and von Gutbier in Saxony, to be, Avith b'W 
(‘xception.s, distinct from that of the coal (see p. 4(51.). 

According to Sir K. Mundiison* the Permian rock.s are (!ompos(‘d, 
ill Russia* of Avhite limestone Avith gypsum and Avhite salt : and of 
red and green grits, occasionally Avith copper-ore; also magnesian 
limestones, marlstoiies, and conglomerates. 

Th(‘ country of Mtansfeld, in Thuringia, may be called the classic 
ground of the Lower Noav Red, or Magnesian Limestone, or Permian 
formation, on the Continent. It consists there principally of, first, 

• Ibivsin, anil the Urni Mountains, 1845 ; and Silurin, chap, xii., 1854. 
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tlu* Zeclistein, corresponding to the upper portion of our English 
scries ; and, secondly, the marl-slate, with li>li of s|>ecies identical 
>\ith those of the bed so called in Durham. This slaty innrlstoiie is 
richly impregnated with copper-pyrites, for which it is extensively 
\Mirked. Magnesian limestone, gypsum, and rock-salt occur among 
till* su}»erior strata of this group. At its base lies the Kothliegendes, 
'jiipposed to correspond with tluj Inferior or Lower New lied Sand- 
stone, which occupies a similar place in England between the marl- 
date and coal. Its local name of “ Rothliegende«,*’ red-lt/er^ or 
** Roth-todt-liegendes,” red-dead-b/er, was given by the workmen in 
tlie German mines from its red colour, and because the cojiper has 
divd out when they reach this rock, which is not metalliferous. It is, 
111 fact, a great deposit <d* red sandstone and conglomerate, with 
a^^ociated porphyry, basaltic trap, and amygdaloid. 

In tlie “ Jvupferschiefer,*’ or marl-slate, a higldy organized re|)- 
lile allied to the living monitor, Av«as found in 1709. which has been 
mimed Protorosnurus^ and it remained for a century and a ipiariei- 
the oldest known fossil reptile, when, at length, in 18-14. the Arvhv- 
(josnurus was discovered in the coal of Saarbrirch. near Treves. 

Pvrmian Flora. — We learn from the investigations of Colonel A"on 
tliilbier, that in the Permian rocks of Saxony no less than (>0 s|MM*ie^ 
uj' Ibssil plants Jiave been met with, 40 of which have not yet been 


Fly. 50S. 



Walchxa jiimfornns, Sternb. lVrmi.iii, Saxme. ((Jutbioi, I) e \Vr«teiiuMiuiy n 
|ii'rinischen Systeines in Sarlisen, vtil ii. IM 
a. braiic-h. h twig of the saiiu*. c. li-al in.igiiilii'il. 

fniind (dsewhere. Two or three of these, as Crdaun/es f/a/oA Sphr- 
ttnpirris erosa. and S. lohuta, are also im‘t with in the go\erii 
Perm in Russia. Seven others, and ninoJig ihi-m iVrf/- 
ropteris Zas/^^7, Pecopteris arborescffis, and J\ sh/tilis, 
with several species of IValchia (see tig. o08. ), a genus 
“f C’onifers, called Lycopodites by some authors, are 
oominon to the coal-measures. 

Among the genera also enumerated by Colonel 
Giubit 
r>()9.), 
of the 

is common to the Permian of ^‘axony. Thuringia, ami Russia, 


T arc the fruit called Cnrdiocarpon (see iig. 0 //y//o. on 
Ast€ro]}/tyllite.s, and Annularia, so clinracteristic rciiiii.'i ), .Sa\()i)y. 
Larboiiiferous period ; also Lepulodcvdron. wbieii 


1 ly 5(*'. 
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although not abundant. Noeggerathia (see fig. 510.), supposed by 
A. Brongniart to bo allied to Cgcas, is another link between the 
Permian and Carboniferous vegetation. Coni- 
fer®, of the Araiicarian division, also occur ; 
but these are likewise met with both in older 
and newer rocks. The plants called SigiUaria 
and Stigmaria^ so marked a feature in the Car- 
boniferous period, are as yet wanting. 

Among the remarkable fossils of the roth- 
liegendes, or lowest part of the Permian in 
Saxony and Bohemia, are the silicified trunks of 
tree-ferns called generically Psaronins. Their 
bark was surrounded by a dense mass of air- 
roots, which often constituted a great addition 
to the original stem, so as to double oi* quadruple 
its diameter. The same remark holds good in 
regard to certain living extra- tropical arbores- 
cent ferns, particularly those of New Zealand. 

'Psaronites are also found in the uppermost 
coal of Autun in France, and in the upper coal- 
measures of the State of Ohio in the United 
States, but specifically ditferent from those of 
the rothliegendes. They serve to connect the 
Permian flora Avith the more modern portion of 
the preceding or carboniferous group. Upon the whole, it is evidcuit 
that the Permian plants approach much nearer to the carboniferous 
flora than to tlie triassic ; and the same may be said of the Permian 
fauna. 



Sora^f’rathta cun fi folia. 
All. Ilroiigniart.* 


* Murchison's Russia, vol. ii. Rl. A. fig 3. 
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CHAPTER XXIV. 


THE COAL, OR CARBONIFEROUS GROUP. 

Carboniferous strata in the south-west of Enp^land — Superposition of Coal-measures 
to Mountain Limestone — Departure from this type in North of England and 
Scotland — Carboniferous series in Ireland — Section in South Wales — Under- 
clays with Stigrnaria — Carboniferous Flora — Ferns, Lepidodendra, Equisctacca*, 
Calamites, Astcrophy Hites, Sigillarias, Stigrnaria: — Conifersc — Sternbergia — 
Trigonocarpon — Grade of Cuiiifera: in the Vegetable Kingdom — Absence of 
Angiosperms — Coal, how formed — Erect fossil trees — ParkHcld Colliery — 
St. Etienne Coal-field — Oblique trees or snags — Fossil forests in Nova Scotia — 
Rain -prints— Purity of the Coal explained — Time required for the accumu- 
lution of the Coal-measures— Brackish-water and marine strata — Crustaceans 
of the Coal — Origin of Clay-iron-stone. 


The next group which we meet with in the descending order is the 
Carboniferous, commonly called “ The Coal ; ** because it contains 
many beds of that mineral, in a more or less pure statu, iiiterstrati- 
fied with sandstones, shales, and limestones. The coal itself, evcMi 
ill Great Britain and Belgium, where it is most abundant, consti- 
tutes hut an insignificant portion of the whole mass. In the uorth 
of Eiiglaud, for example, the thickness of the coal-bearing strata 
lias been estimated by IVof. Phillips at 3000 feet,' while the various 
coal-seams, 20 or 30 in number, do not in the aggregate exceed 60 
feet. 

The carboniferous formation assumes various characters in dif- 
ferent parts even of the British Islands. It usually comprises two 
very distinct members ; 1st, that usually called the Coal-measures, of 
mixed freshwater, terrestrial, and marine origin, often including 
scams of coal ; 2ndly, that named in England the Mountain or Car- 
lionifcrous Limestone, of purely marine origin, and containing corals, 
sliclls, and encrinites. • 

In the south-western part of our island, in Somersetsliire and 
South Wales, the three divisions usually spoken of by English geo- 
logists are : — 


1. Coal-measures 

2. Millstone-grit 

3. Mountain or 

Carboniferous 

Limestone. 


{ Strata of shale, sandstone, and grit, with occasional seams 
of coal from 600 to 12,000 feet thick, 
r A coarse quartzose sandstone passing into a conglomerate, 
■c sometimes used for millstones, with fieds of shale ; usually 
I, devoid of coal ; occasionally above 600 feet thick. 

1 A calcareous rock containing marine shells and corals ; 
I devoid of coal ; thickness variable, sometimes 1500 feet. 


The millstonc-grit may be considered as one of the coal-sandstones 
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of coarser texture than usual, with some accompanying shales, in 
which coal-plants are occasionally found. In tho north of England 
some hands of limestone, with pectens, oysters, and other marine 
shells, occur in this grit, just as in the regular coal-measures, and even 
a few seams of coal. I shall treat, therefore, of tho whole group as 
consisting of two divisions only, the Coal-measures and tho Moun- 
tain Limestone. Tho latter is found in the southern British coal- 
fields, at the base of the system, or immediately in contact with the 
subjacent Old Red Sandstone; but as we proceed northwards to 
Yorkshire and Northumberland it begins to alternate with true coal- 
measures, the two deposits forming together a series of strata about 
1000 feet in thickness. To this mixed formation succeeds the great 
mass of genuine mountain limestone.* Farther north, in the Fife- 
shire coal-field in Scotland, we observe a still wider departure from 
the type of the south of England, or a more complete intercalation of 
dense masses of marine limestones with sandstones and shales con- 
taining coal. 

In Ireland a series of shales and slates, constituting the base of the 
Mountain Limestone, attain so great a thickness, often upwards of 
1000 feet, as to be classed as a s(*])arate division. Under these slates 
is a Yellow Sandstone, also considered as carboniferous from its 
marine fossils, although passing into the underlying Devonian. A 
similar sandstone of much less thickness occurs in the same position 
in Gloucestershire and South Wales. 

The following are the subdivisions adopted in the geological map 
of Ireland, constructed by Sir Richard Griffiths 

I'hirkness in Feot. 

1. Coal-measures, Upper and Lower - - - . 1000 lo 2200 

2. Millstiine-grit 350 to 1800 

3. Mountain limestone, Upper, Middle (or Calp), and 

Lower - - - ' 1200 to 6400 

4. Carboniferous slate 700 to 1200 

5. Yellow sandstone (of Mayo, &e.) with shales and 

limestone 400 to 2000 


COAL-MI2ASURES. 

In South Wales the coal-measures have been ascertained by actual 
measurement to attain the extraordinary thickness of 12,000 feet ; the 
beds throughout, with the exception of the coal itself, ajipearing to 
have been formed in water of moderate dejith, during a slow, but jjer- 
liaps intermittent, depression of the ground, in a region to which 
rivers were bringing a never-failing supply of muddy sediment and 
sand. The same area was sometimes covered with vast forests, such 
as we see in the deltas of great ’-ivers in warm climates, which are 
liable to be submerged beneath fresh or salt water should the ground 
sink vertically a few feet. 

In one section near Swansea, in South Wales, where tjie total 

* Si'dgwifk, Gcol. Trans., Second Scries, vol. iv. ; and Phillips, Gcol. of York- 
shire, Part 2. 
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thickness of strata is 3246 feet, we learn from Sir H. De la Beche 
that there are ten principal masses of sandstone. One of these is 
500 feet thick, and the whole of them make together a thickness of 
2125 feet. They are separated by masses of shale, varying in thick- 
ness from 10 to 50 feet. The intercalated coal-beds, sixteen iu 
number, are generally from 1 to 5 feet thick, one of them, which has 
two or three layers of clay interposed, attaining 9 feet.* At other 
points in the same coal-field the shales predominate over the sand- 
stones. The horizontal extent of some seams of coal is much greater 
than that of others, but they all present one characteristic feature, 
in having, each of them, what is called its underclay. These under- 
clays, co-cxtcnsivc with every layer of coal, consist of arenaceous 
shale, sometimes called fire-stone, because it can be made into bricks 
which stand the fire of a furnace. They vary in thickness from 6 
inches to more than 10 feet ; and Sir William Logan first announced 
to the scientific world in 1841 that they were regarded by the colliers 
in South Wales as an essential accompaniment of each of the one 
hundred scams of coal met with in their coal-field. They are said 
to form the floor on which the coal rests ; and some of tlieni have 
a slight admixture of carbonaceous matter, while others are quite 
blackened by it. 

All of th('m, as Sir William Logan pointed out, are characterized 
by enclosing a peculiar species of fosj^il vegetable called Stigmaria, 
to the exclusion of other plants. It was also observed that, while 
in the ov(‘rlying shales or “roof” of the coal, ferns and trunks of 
trees abound without any Stigmnruc^ and are flattened and com- 
pressed, those singular plants of the underclay very often retain their 
natural forms, bi*anching freely, and sending out their slender leaf- 
like rootlets, formerly thought to be leaves, through the mud in all 
directions. Siwc'ral species of Stigmnria had long been known to 
botanists, and described by them, before their position under each 
seam of coal was ])oint(jd out, and before their true nature as the 
roots of tr(‘es was recognized. It was conjectured that they might 
b(» aquatic, pc^rhaps floating plants, which sometimes i‘xtended their 
bi*anch(»s and leaves freely in fluid mud, and wdiich were finally en- 
v(‘loped in the same mud. 


CAUBONIFEROUS FLORA. 

These statements will sutfice to convinct* the reader that we can- 
not arrive at a satisfactory theory of the origin of coal until we 
understand the true nature of Stigma ria ; and in order to explain 
what is now known of this plant, and of others which havp contri- 
buted by tlieir dec.iy to produce coal, it Avill be necessary to offer a 
brief preliminary skedeh of the whole carboniferous flora — an assem- 
blage of fossil plants witli which we arc better acquainted than with 
any other which flourished antecedently to. the Tertiary epoch. It 
should also be marked that Goppert has ascertained that the remains 

* Memoirs of Gcol. Survey, vol. i. j). 195. 

H H 
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of ovory family of |3lants scattcsred through tho coal-measures are 
sometiiiK's m(»t. with in the pure coal itself — a fact which adds greatly 
to the gc^ological interest attached to this flora. 

Ferns . — The number of sp(‘cics of carboniferous plants hitherto 
d(v^cribed amounts, according to M. Ad. IJrongniart, to about 500. 
These may perhaps be a fragment only of the entire flora, but they 
are enough to show that the state of the vegetable world was then 
cxtnunely different from that now prevailing. We are struck at 
the first glance with tluj similarity of many of the ferns to those now 
living, and the dissimilarity of almost all the other fossils exc('pt tlu‘ 


I’ig. 511. Fig. 512. 



Pecopteris hmchitira. a. Sphrnoptcris rrniata. 

(Foil. Flo., 153.) b. i>iirt of tlir Knmi', inagiuflod. 

(Fosis. Flo., lUl.) 



Conifuric. Among the ferns, as in the 
case of Pecopteris for c'xample (fig. 511.), 
it is not always easy to decide whether 
they should be referred to different 
genera from those established for th(‘ 
chissilir Uion of living species; whereas, 
in regartl to most of the other contfiiii- 
porary tribe.s, with the exception of the 
fir tribe, it is often diificult to guess the 
family, or even the class, to which they 
belong. The ferns of the Carboniferous 
period are generally without organs ol* 
fructification, but in some specimens 
these are well prcs<‘rved. In the general 
absence of such characten-s, they have 
been divided into genera distinguished 
chiefly by the branching of the fronds. 


Caulopteris primava^ Liudlef . 
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:ind tlio way in wliicJi tlie veins of the leaves are disposed. The 
portion are supposed to have been of the size of ordinary 
European ferns, but some were decidedly arborescent, esi)ecially the 
Stroup called Canlopteris by Lindley, and the Psaronius of the upper 
or newest coal-measures, before alluded to (]). 462.). 

All the recent tree-ferns belong to one tribe {Pohfpodiace<p\ and 
to a small number only of genera in that tribe, in which tlie surface 
of the trunk is marked with sears, or cicatric(‘s, left after the fall of 
the fronds. These scars resemble those of Cauhtpteris (see fig. 513.). 
No less than 250 ferns have already been obtained from the coal- 
strata ; and even if we make some reduction on the ground of 
varieties whi(;h have been mistaken, in the absence of their fructi- 
fication, for species, still the result is singular, because the whole of 
Europe affords at present no more than sixty indigenous species. 


Fig. 515. 



Living trcH-ffriih of different g<‘iii*ra. (Ad. liroiig.) 

Fig. 51 L ’rn*t*-li*rn from Isle of Bouibuu. 

Fig. 51 Cifalhca ^latica^ Mauritius. 

Fig. 510. iVee-iurii from iSrazil. 

Lppidodendron . — About 40 species of fossil plants of the Coal 
hav(! bt‘en referred to this genus. They consist of cylindrical stems 
or trunks, covered with leaf-scars. In their mode of brancliiug, they 
are always dichotomous (see fig. 518.). They are considered by 
Brongniart and Hooker to belong to the Li/copodiaceccy plants of 
this family bearing cones, with similar sporangia and spores 
(fig. 521.). Most of them grew to the size of large trees. The 
figs. 517 — 519. njpresent a Lepidodendroit^ 49 feet long, found 
in Jjirrow Colliery, near Newcastle, lying in shale parallel to the 
planes of s11*atificatioii. Fragments of others, found in tlie same 
shale, indicate, by the size of the rhoniboidal scars which cover 
them, a still greater magnitude. The living club-mosses, of which 
there are about 200 species, are most abundant in tropical climates. 

u ir 2 
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They usually creep on the ground, but some stand erect, as the 
Lycopodium densum from New Zealand (fig, 520.), which attains a 
height of 3 feet. 


Fig- «17. Fig. 518. 



Lepidoftendron Sfcrnbrruti. CoaUmeatiirt-g, neat Nowcaotle. 

I 'R 517. UraiichmR trunk, 49 feet long, suppoted to have belonged Xxt L. Sternbereti. 

(fo8s. Flo., ao:*.) ^ 

I ig. MS. Hrfinehina item with bark and leaves of L. Strrnberifii. (Foss. Flo. 4.) 

Fig. 519. Portion of same nearer the ro(»t} natural size. (Ibid.) 



a. Lycopodium den^nm ; banks of R. Thames, New Zealand. 

b. branch, natural size. c. part of same, magnitied. 


in the carbon iferou.s strata of Coalbrook Dale, and in many otlicr 
coiil-fields, elongated cylindrical bodies, called fossil cones, named 
J.epidostrohns by M. Adolphe Bron.n-uiart, are met with, (See fig. 
.321.;. Tiiey often form the nucleus of concretionary balls of clay- 


a Fig. 521. 




a. Lcpidostrobus ornatus,\\xoog. Shropshire; half natural idze. 

b. porthm of a section, showing the large sporangia iii their natural posltlbn, and each 

supported by its bract or scale. 

c. Spores in tlicse sporangia, highly magnifled. (Hooker, Mem. Geol. Survey, vol. ii. 

part 2. p. 44U.) 

ironstone, and are well preserved, exhibiting a conical axis, around 
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which a great quantity of scales were compactly imbricated. Tho 
opinion of M. Brongniart is now generally adopted, that the Lepi- 
dostrobus is tlie fruit of Lepidodendron ; indeed, it is not uncommon 
in Coalbrook Dale and elsewhere to find these strobili or fruits tenui- 
nating the tip of a branch of a well-characterized Lepidodendron. 

Equisetaceoi. — To this family belong two fossil species of the 
Coal, one called Equisetum infiindi^uliforme by Brongniart, and 
found also in Nova Scotia, which has sheaths, regularly toothed, 
ribbed, and overlapping like those on the young fertile stems of 
Equisetum fluviatile. Jt was rnucli larger than any living “ Horse- 
tail.” The Equisetum giganteum^ discovered by Humboldt and Bon- 
pland in South America, attained a height of about 5 feet, the stem 
being an inch in diaini tcr ; but more recently Gardner has met with 
one in Brazil 15 feet high, and Meyen gives the heiglit of E. Bogo 
tense jii Chili as 15 to 20 feet. 

Catamites. — Tl. fe sil plants sc called were orighially classed by 
most botanists as vj-yptogamous, being regar led as gigantic 


Fig =122 


Fig. 523. 




Calamites ranr>(Ffortr. v, Sriilot. 
(Fuss. Flu , 7'J.) Coinniuii in 
English ( >al. 


''alamites Sucown, Brong ; 
natural size. Coiiiniun ii( 
.ml throughout Europe. 


for, like the common ‘‘horsetail,” tho} ex- 
hibit little anore than hollow jointed stems, furrowed Fig. 524 . 

exte-Tially. (See figs. 522, 523, 524.) 

Mr. Salter stated to me many years ago his con- 
viction that the calami to as frequently r<*presented 
hy palasontologists was in an inverted position, and 
that the conical part givciii as the top of the stem 
was in truth the root. TJiis point Dr. Dawson and 
l^had o])portuijities of testing in Nova Scotia, in 
1853, where wo saw many erect calamites, having 
their radical termination as in the annexed figure 
(fig. 524.); Tho scars, from which whorls of vessels 
have proceeded, are observed at the upper, not tlie 
lower, end of each joint or internodc.* The speci- 
men (fig. 522.), therefore, is no doubt the lower end ludicai termination of 
of the plant, and I have therefore reversed its posi- 
tion as given in the work of Lindloy and H uttou. 

• * See Dawson, Gcol. Quart. Journal, 1854, vol x. p. S.'S. 
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M. Adolphe Brongniurt, following up the discoveries of Gcrmar 
and Corda, has shown in his “ Genres de Vegetaux Fossiles,” 1849, 
that many Calami tes cannot belong to the Equiseta^ nor probably to 
any tribe of flowerless plants. He conceives that they are more 
nearly allied to the Gymnospermous Dicotyledons. They possessed 
a central pith, surrounded by a ligneous cylinder, which was divided 
by regular medullary rays. This cylinder was surrounded in turn 
by a thick l)ark. Of fossil stems having this structure Brongniart 
formed his genus Calamodendrony which includes many species 
referred by Cotta, Pctzholdt, and Unger to the genus Calaniitea, 
The Calaniodendron is described as smooth externally, its pith being 
articulated and marked witli deep external vertical strias, agreeing 
in short with what geologists commonly call a Calamitc. Since the 
appearance of Brongniart’s essay, Mr. E. W. Binney has made many 
important discoveri(!S on the same subject ; and Mr. J. S. Dawes has 
published a more complete account of this singular fossil.* Their 

views liavc been confirmed by 
^***"*‘^‘’^* Professor Williamson of Man- 



I’ortioii of a Catamite^ near tho base, showing the 
external cylinder, connected by radiating vessels 
Willi the cast ol tlicpitli. 

Communicated by l*rof. W. C. Williamson. 


eliester, who has communicated 
to me a specimen figured in the 
annexed cut (fig. .G25.), in which 
wo see an internal pith answer- 
ing in cliaracttT to the Calamo- 
dendron, and yet having outside 
of it anotlier jointed cylindtT 
vertically groovtjd on its out(‘r 
siirhice, so that in the same 
stem we have one calarnite en- 
velo])iiig another. Yet that 
tliey both formed part of th(‘ 
same plant is j)roved by the 
following circumstances : — 1st. 
Near each articulation of the 
pith radiating .s])okes arc seen 
to j)roc(‘cd and penetrate the 
ligneous zone. One complete 
whorl or circle of these radii is 


visible in the annexed figure near the bottom of tlie hollow (lavity, 
whilst another and superior win *1 is incomplete ; several radii, 
corresponding to the first, remaining, while the rest have been 
broken away, tlnur place being shown by scars which they have 
left. 2dly. In addition to these whorls, called medullary by Pro- 
fessor Williamson, there are seen in otlicr specimens a set of true or 
ordinary medullary rays. 3dly. The woody zone, penetrated both 
hy the spoke-like vessels before mentioned and by the medullary 
rays, is usually reduced to brown carbonaceous matter, preserving 
merely a tendency to break in longitudinal slips, but in some speeb 
mens its fibrous tissue is retained, and resembles that of Dadoxylon. 


* Quart. Joiirn. Gcol. Soc. Load., 1851, vol. vii. p. 19G. 



SIGILLAKIA. 


471 


Ch. XXIV'.] 

4thly. Outside of this zone agiiin is another cylinder, supposed to havci 
ht*en originally a thick cellular bark, nearly equal to one-tliird of the 
whole stem in diameter, grooved and jointed externally like the pith. 

Til conclusion, I may remark that these discoveries make it more 
and more doubtful to what family the greater number of Calamites 
fcihoiild be referred. T'heir internal organization, says Professor 
Williamson, was very peculiar ; for wliilo they exhibit remarkable 
affinities with gymnospermous dicotyledons, the arrangement of 
llieir tissues differs widely from that of all known forms of gymno- 
sperms. 

Asterophyllites , — The graceful plant represented in the anriexijd 
figure is snj)posed by M. Ilrongniart to be a branch of the Calamo^ 
fletidron^ and lie infers from its pith and medullary rays that it was 
(licutyledoiious. Jt appears to have been allied, by the nature of its 


Fig. 52C. 



A^t^'rvphyntti'sfolH)sus. (Foss. Flo., 2.'i.) roal-mcasurcs, Newoaslji*. 


tissue, to the gyninogens, and to SigilUtriu. But under the head of 
Asti^rophyllitvs many vegetable fragments have been groiijied which 
probably belong to different genera. They have, in short, no eha- 
ra(rter in common, (‘xecjit that of possessing narrow, verticil late, 
on(‘-ribbed leaves. Dr. Newberry, of Ohio, lias discovered in tlu^ 
coal of that country fossil stems which in thi*ir uppm* part bear 
wedge-sliap('d leaves, corresponding to Sphenophyllunu ^vbih; bedow 
Ibe leav(\s are stalk-likc and cajiillary, and would have been called 
Aslerophyllites if found detached. From this be infers fliat Spheno^ 
phylhim was an aquatic ])lant, the superior ajid floating leaves of 
which were broad, and po&sesscd a compound nervation, while the in- 
R*rior or submersed leaves w(*re linear and one-ribb(‘d. “ This sup- 
l»ositioii,” be adds, “is fiirtlier strengthened by the extreme length 
and tenuity of the branches of this jqiparently herbaceous plant, 
which would seem to have rc?quircd the support of a denser medium 
than air.”* 

SigiJlaria . — A large portion of the trees of the Carboniferous 
])eriod belonged to this genus, of which about thirty-five species aie 

» Annals of Science, Cleveland, Ohio, 1853, p. 97. 
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known. The structuro, both internal and external, was very pecu- 
liar, and, with reference to existing types, very anomalous. They 
were formerly referred, by M. Ad. Brongniart, to ferns, which they 
resemble in the scalariform texture of their vessels, and in some 
degree, in the form of the cicatrices left by the base of the leaf- 
stalks wliich have fallen off (see fig. 527.). But with these points of 
analogy to cryptogamia, they combine an internal organization much 
Fig. 527 . resembling that of cycads, and some of 

them are ascertained to have had long 
linear leaves, quite unlike those of ferns. 
They grew to a great height, from 30 to 
GO, or even 70 feet, with regular cylin- 
drical stems, and without branches, al- 
though some species were dichotomous 
towards the top. Their fluted trunks, 
from 1 to 5 feet in diameter, appear l(» 
have decayed more rapidly in the interior 
than externally, so that they became 
hollow when standing ; and when thrown 
prostrate on the mud, they were squeezed 
down and flattened. Hence, we find the 
bark of the two opposite sides (now con- 
SipUarm lav, gala. BronK- vcvted iiito bright shilling coal) to consti- 

tute two horizontal layers, one upon the 
other, half an inch, or 'an inch, in thickness. These same trunks, 
when they arc placed obliquely or verti(;ally to the planes of strati- 
fication, retain their original rounded form, and are uncompressed, 
the cylinder ot bark having been filled with sand, which now affords 
a cast of the interior. 

Dr. Hooker still inclines to the belief that the Sigillarioi may 
have been cryptogamous, though more highly developed than any 
flowerless plants now living. The scalariform structure of their 
vessels agrees precisely with that of ferns. 

Stigmaria . — This fossil, the importance of which has already been 
pointed out, was formerly conjectured to be an aquatic plant. It is 
now ascertained to be the root of Sigillaria. The connection of the 
roots with the stem, previously suspected, on botanical grounds, by 
Brongniart, was first proved, by actual contact, in the Lancashire 
coal-field, by Mr. Binney. The fact has lately been shown, even 
more distinctly, by Mr. Eichard Brown, in his description of the 
StigmaricB occurring in the undcrclays of the coal-seams of the 
Island of Cape Breton, in Nova Scotia. 

In a specimen of one of these, represented in the annexed figure 
(fig. 528.), the spread of the roots was sixteen feet, and some of 
them sent out rootlets, in all directions, into the surrounding clay. 

In the sea-clifis of the South Joggins in Nova Scotia I examined 
several erect Sigillari<By in company with Dr. Dawson, and we found 
that from the lower extremities of the trunk they sent out Stig- 
maricB as roots. All the stools of the fossil trees dug out by us 
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Fig, 528. 



Stigmaria attached to a trunk of Sfgitlaria.* 


divi(l(‘fl into four parts, and these again bifurcated, forming eight 
roots, which wen*, also dichotomous when traceable far enough. 

TJi(i cylindrical rootlets formerly regarded as leaves are now- 
shown by more perfect specimens to have been originally attached 
to the root by fitting into deep cylindrical pits. In the fossil there 
is rarely any truce of the form of these cavities, in consequence of 
the .shrinkage of the surrounding tissues. Wluire the rootlets are 
removed nothing remains on the surface of the Stigmaria but rows 
of manimillated tubercles (see figs. <'529, 530.), which have formed 

Fig. 


Fig. WO. 


Siirrari! of nnothcr intih idiial of 
biiniu species, shnuing form ol 
tiibcrclus. (Foit.s. Flo., 34.) 

Stigmanajicotdes^ ntowg. tnat. size. (Foss. Flo., 32.) 

the base of each rootlet. These protuberances may po.'^sibly indi- 
cate the place of a joint at the lower extremity of the rootlet. Rows 
of these tubercles are arranged spirally round each root, which 
have alwjiys a medullary axis and woody system much resembling 
that of Sigillaria, the structure of the vessels being, like it, scalari- 
form. 

ConifercB , — The coniferous trees of this period are referred to five 
genera ; the woody structure of some of them showing that they were 
allied to the Araucarian division of pines, more than to any of our 
common European firs. Some of their trunks exceeded 44 feet in 
height. Many, if not all of them, seem to have differed from living 
Coniferte in having large piths ; for Professor Williamson has de- 

• The trunk in this case is referred markings assumed by Sigillaria near 
by Mr. Brown to Lepidodendron, but his base, 
illustrations seem to show the usual 




474 


CONIFERyE OF THE COAL PERIOD. [Ch. XXIV. 


monstratcd the fossil of the coal-measures called Sternhergia to be 
the pith of these trees, or rather the cast of cavities formed by the 
shrinking or jiartial absorption of the original medullary axis (see 
figs. d31. and 532.). This peculiar type of pith is observed in living 
plants of very different families, such as the common Walnut and 


Fig. S3I. 



MnKnificd portion of fijr 531,; transvcrue section. 
c. pith. b,b. ^oody fibre. i\c. medullary rays. 


I lie White Ja.sminc, in which the pith becomes so reduced as simply 
to form a thin lining of the medullary cavity, across Avhich ti ans- 
verse plates of pith extend horizontally, so as to divide the cylin- 
drical hollow into discoid interspaces. When tliese interspaces have 
been filled up with inorganic matter, they constitute an axis to 
which, boforii their true nature was known, the provisional name ot‘ 
Sternhergia {d, d, fig. 531.) wa^ given. 

In the above siiccimon the structure of the wood (^, figs. 531. and 
532.) is coniferous, and the fossil is referable to Endliehcr\s fossil 
genus Dadoxglon, 

The fossil named Trigonocarpon (figs. 533. and 534.), formerly 
supposed to be the fruit of a palm, may now, according to Dr. 
Hooker, be referred, like the Sk irnhergia^ to the Comferre. Its geo- 
logical importance is great, for so ahniidant is it in the Coal-Mea- 
sures, that in certain localiti(‘s the fruit of some species may be 
procured by the bushel ; nor is there any part of the formation where 
they do not occur, except the undcrclays and limestone. The sand- 


* aianchcstcr Philos. Mem., vol, ix. 1851. 
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Fig.;533.- ' 



TrtRonocarpum ovatum, Twmllf'y anj Hutton, 
reel Quarry, Lanrabhire. 


Fig. M-l. 



Trifionacarfiftm oltrtrfortnt\ Linflli*}*, with 
it« fleshy envelope. Foiling Colliery, 
Ncwuastlc. 


stone, ironstone, slialcs, nnd cojil itself, all contain lliein. Mr. Binnoy 
has at l(‘n;rtli found in Bin cday-ironstono of Laneashire several 
specinKMis displaying structure, and from these, says Dr. Hooker, wo 
learn tliat the Trigonocarpon belonged to that large section of exist- 
ing coniferous plants 'which bear fleshy solitary fruits, and not cones. 
It resemblt'd very closely the fruit of the Cliintvse genus Snlislmria, 
one of the Yt‘w tribe, or Taxoid conifers. In five of .the fossil 
spi'chnens there is evidence of four distinct integuments, and of a 
hu ge internal cavity filled with carbonate of lime and magnesia, and 
jirobaldy once occupied by the albumen and (‘uibryo of tin; seed. The 
general form of the fossil wlnui perfect is an elongat(*d ovoid, rather 
larg(‘r than a hazid-nut. The exterior int(*gument is very tliick and 
cellular, and was no doubt once fleshy (si'e fig. 534.). It alone is 
])rofluced b(*yond the seed, and forms tJic beak. Th(j second coat was 
thinner, but hard, and marked by threes ridges. This coat, being 
all that commonly remains in a fossil state, lias suggested tin? name 
of Trigonocarpon. Within tliis W(u*e tin* third and fourth coats, 
both of which are very delicate membranes, and may possibly have 
been two [)la,les belonging to one nieinbranc. 

Grade of the Carboniferous Flora. — On the whole, these fraiits, 
says Dr. Hooker, arc referable to “a highly develoja‘d type, ex- 
Jiibiting ('xtensive modifications of elementary organs for tlie [)ur- 
]>os(^ of tlieir adaptation to special functions, and these modifications 
are as great, and the adaptation as sjiecial, as any t(» be found amongst 
analogous fruits in the existing vegetable world.”* Professor 
Williamson, in Ids paper on Sternhergia, has likewise remarked that 
its structure was complex, and tliat “ at a period so early as the car- 
boniferous all tlie now-existing forms of vegetable tissue appear to 
Jiave been created.” These observations deserve notice, because a 
question lias arisen, whether the Conferee hold a high or a low 
])osition among flowering plants — a point bearing directly on the 
theory of progressive development. By some botanists all the Gym- 
nospermons Dicotyledons are rc'gardcnl as inferior in grade to the 
Angiosperms. Others hold, with Dr. Hooker, that the Gymnosperms 


Proccediugs of the Boyal Society, vol. vii., March 1854, p. 28. 
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are not inferior in rank, having every typical character of the dico- 
tyledons highly developed. Thus Coni ferae have flowers, and are 
propagated by seeds which are developed through the mutual action 
of the stamens and ovules ; they have dicotyledonous and polycoty- 
ledonous embryos, and germinate in the same manner as other di- 
cotyledons. The seed-vessel (or ovary) is not closed, but this is also 
the case in some genera of angios perms, in which the ovary is open 
before or after impregnation, so that this character cannot be relied 
on as constituting a fundamentul dilfcrcnce in structural develop- 
ment. ThcConiferae are exogenous, find have the same arrangement 
of pith, wood, bark, and medullary rays as have the ty])ical dicoty- 
ledonous trees. Whether the woody fibre with discs characteristic 
of Coiiiferie be a move or a less complex tissue than the s])iral vessels, 
is a controverted point. As the spiral vesseds occur in the young 
shoots, and' are lost in the mature growth of some plants, and as 
tlujy appear in many acrogens, they do not occm to mark a high 
development. In fine, th(a*e is much ambiguity in deciding what 
should or sliould not be called hujh or low in vegetable structure, 
and ])hybiologists entertain very dilfereiit abstract idt‘as as to the 
perfection of certain organs and their rclarive functional im|)ortance, 
even where the function is clearly ascertained. It is enough for the 
gc.ologist to know, that fossil Coniferaj abound ijj the oldest rocks, 
yielding a considerable number of vegetable remains, and that plants 
of this order lay claim, if not to the highest, at least to so high a 
place ill the scale of vegetable life, as to preclude us from (diarac- 
terizing the carl)oniferous flora as consisting of imperfectly developed 
plants. 

Although our data are confi'ssedly too defective to entitle us to 
generalize respecting the entire vegelable creation of this era, yet we 
may afllrm that so far as it is known it dilfercd widely from any 
flora noAV existing. ■ The comparative rarity of Monocotyledons and 
ol’ Dicotyledonous Aiigiosperms seems clear, and the abundance of 
Ferns and Lycofiods may justify Adolphe Brongniart in calling the 
primary periods the age of Acrogens * (•* le regiie des A(u*ogens ”), 
As to the Sigillariie and Calamites, they seem to have been distinct 
from all tribes of now-existing plants. That the abundance of ferns 
implies a moist atmos])here, is admitted by all botanists ; but no safe 
conclusion, says Hooker, can be d»*awn from the Coniferaa alone, as 
they arc found in hot and dry and in cold and dry climates, in hot 
and moist and in cold and moist regions. In New Zealand the 
Coniform attain their maximum in numbers, constituting ^V^d jiart 
of all the flowering plants ; whereas in a wide district around the Cape 
of Good Hope they do not foi ui -j-^\j^th of the phenogamic flora. 
Besides the conifers, many species of ferns flourish in New Zealand, 
some of them arborescent, together with many lycopodiums; so that 
a forest in that country may make a nearer approach to the carbo- 
niferous vegetation than any other now existing on the globe. 


* For terminology of classification of plants, see above, note, p. 331. 



Ch. XXIV.] 


COAL, now FOR3IED. 


477 


Angiosperms. — Some of the <rrass-like loaves termed 
Poacites^ having fine longitudinal striae, are conjec- 
tun*d to belong to Monocotyledons ; but the detor- 
niination is doubtful, as some of them may be the 
leaves of Lepidodendra, others tlu^ stems of Ferns. 

The eurjous plants called Antholithes by Lind ley 
have usually been coiisidc^red to bo flowcir-spikes, 
having what seems a calyx and linear petals (see 
fig. 53o.). Dr. Hooker suggested that tliey might 
1)0 tufts of young leaves like those of the larch, but, 
after seeing the most perfect specimens, he no longer 
thought them oniferous, but resembling rather the 
spike; of a highly organized plant in full flower, such 
as one of the; BromeliacesB, to which Professor Liiidley 
first compared them. In the absence, however, of 
all structure!, the affinities of these fossils are still considered very 
uncertain. 

CnaJ^ how formed. — Erect trees, — I shall now consider the manner 
in which the above-mentioned plants are embedded in the strata, and 
how they may have contributed to produce coal. Professor Giippert, 
aft(‘r examining the fossil vegetables of the coal-fields of Germany, 
has detected, in beds of pure coal, nmiains of plants of every family 
hitherto known to occur fossil in the carboniferous rocks. Many 
seams, In; remarks, are rich in Slyillaruc, Lepidodendrtty and Stig- 
marice^ the latter in such abundance as to appear to form the bulk of 
the coal. In some places, almost all the plants were calarnites, in 
others fe,rns.* ‘‘ Some of the plants of our coal,” says Dr. Buckland, 
“grew on the identical banks of sand, silt, and mud which, being 
now indurated to stone and shale, form the strata that accompany 
tlie coal ; whilst other portions of thest; jdants have been drifted to 
various distances from the swamps, savannahs, and forests that 
gave th(‘m birth, particularly those that are dispersed through the 
s::ndston(;s, or mixed with fislu‘s in the shale beds.” “ At Balgray, 
three miles north of Glasgow,” says the same author, “I saw in 
the year 1824, as there still may be seen, an unc(piivocal ej^amjile 
of the stumps of several stems of large trees, standing close to- 
gether in their native place, in a (piarry of sandstone of the coal- 
formation.” f 

Between the years 1837 and 1840, six fossil trees were discovered 
in the coal-fields of Lancashire, where it is intersected by the Bolton 
railway. They were all in a vertical position, with respect to the 
plane of the bed which dips about 15° to the south. The di>tance 
between the first and the last was more than 100 feet, and the 
roots of all were embedded in a soft argillaceous shale. In the same 
})lane with the roots is a bed of coal, eight or ten inches thick, 
which has been found to extend across the railway, or to the distance 

* Quart. Geol. Joiirn., vnl. v„ Mem., p. 17. 

-f Aiiiiiv. AUdrcBS to 6col. Sue., 1840. 
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of at least ten yards. Just above the covering of the roots, yet 
beneath the coal-seam, so largo a quantity of the Lepidostrobm 
varinhilis was discovered enclosed in nodules of hard clay, that 
more than a bushel was collected from the small openings around 
the base of tlie trees (see figure of this gonus, p. 468.). The exterior 
trunk of each was marked by a coating of friable coal, varying from 
one quarter to three quarters of an inch in thickness ; but it 
crumbled awjiy on removing the matrix. The dimensions of one of 
the trees is 1.51 feet in circumference at the base, 7^ feet at the top, 
its height being 11 feet. All the trees have large spreading roots, 
solid and strong, sometimes branching, and traced to a distance of 
several feet, and presumed to extend much farther. Mr. Hawk- 
sbaw, who has described these fossils, thinks that, although they 
were hollow when submerged, they may have consisted originally 
of hard wood throughout ; for solid dicotyledonous trees, when 
prostrated in tropical forests, as in Venezuela, on the shore of the 
Caribbean Sea, were observed by him to be destroyed in the in- 
terior, so that little more is left than an outer shell, consisting 
chiefly of the bark. This d(*cay, he says, goes on most rapidly 
in low and flat tracts, in which there is a deep rich soil and ex- 
cessive moisture, supporting tall forest-trees and large palms, 
below which bamboos, canes, and minor palms flourish luxuriantly. 
Such tracts, from their lowness, would be most easily submerged, 
and their dense vegetation might tlien give rise to a seain of coal.* 
In a deep valhy near Capel-Coelbren, branching from tluj higher 
part of the Swansea valley, four stems of upright SiyUlaruc 
■were seen in 1838, piercing through the coal-measures of S. Wales ; 
one of them was 2 feet in diameter, and one feet high, 

and they were all found to terminate downwards in a hod of coal. 
“ They appear,” says Sir II. De la Becln*, “ to have c.onstitutcd a 
portion of a subterranean forest at the epoch when the lower car- 
boniferous strata were formed.” f 

In a colliery near Newcastle, say the authors of tin; Fossil Flora, 
a great number of Siyillarue were placed in the rock as if they had 
retained the position in which they grew. Not less than thirty, 
some of them 4 or 5 feet in diameter, were visible within an area 
of 50 yards square, the interior being sands toiui, and the bark 
having been converted into coal The roots of one individual 
were found embedded in shale ; and the trunk, after maintaining a 
perpendicular course and circular form for the height of about 10 
feet, was then bent over so as to become horizontal. Here it was 
distended laterally, and fialtened so as to be only one inch thick, 
the flutings being coiiiparativ ly distinct.} Such vertical stems 
are familiar to our miners, under the name of coal-pipes. One of 
tliem, 72 feet in length, was discovered, in 1820, near Gosfortli, 
about five miles from Newcastle, in coal-grit, the strata of which 

* TIawkshaw, Gool. Trans, Second and Somerset, p. 14.3. 

Series, vol. vi. pp. 173. 177-, FI. 17. J Lindley and Hutton, Foss. Flo., 

t Geol. Report on Cornwall, Devon, Part 6. p. 150. 
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it penetrsitod. The exterior of the trunk was marked at intervals 
witli knots, indicating the points at which branches had shot off. 
'^rii(3 wood of the interior had been converted into carbonate of lime; 
and its structure was beautifully shown by cutting transverse slices, 
so thin as to be transparent. (See p. 40.) 

These “coal-pipes” are much dreaded by our miners, for almost 
every year in the Bristol, Newcastle, and other coal-fields, they are 
the cause of fatal accidents. Each cylindrical cast of a tree, formed 
of solid sandstone, and increasing gradually in size towards the base, 
and being without branches, has its whole weight thrown down- 
wards, and receives no support from the coating of friable coal which 
has replaced the bark. As soon, therefore, as the cohesion of this 
external layer is overcome, the heavy column falls suddenly in a 
]‘erpendicular or oblicpie direction from the roof of the gallery 
whence coal has been extracted, wounding or killing the workman 
who stands below. It is strange to reflect how many thousands of 
these trees fell originally in their native forests in obedience to the 
law of gravity; and how the few which continued to stand erect, 
obeying, alter myriads of ages, the same force, are cast down to im- 
mobile their human victims. 

Tt has. be(m remarked, that if, instead of working in the dark, 
the miner was acimstomed to remove the upper covering of rock 
from each seam of coal, and to expose to the day tlie soils on 
which ancient forests grew, the evidence of their former growth 
would be obvious. Thus in South Staffordshire a seam of coal was 
laid bare in the year 1844, in what is called an open work at 
Parkfudd Colliery, near VV'olvcrhamjiton. In the space of about 
a (piarU'r of an acre the stumps of no less than seventy-three trees 
with their roots attaehed appeared, as sliown in llio annexed 
|)lau (fig. o36.), some of them more than 8 feet in circumference. 



Tlie trunks, broken off close to the root, were lying prostrate in 
^ JMcbssrs. bevkett and lek, Proceed. Gcol. Soc., vul. iv. p. :?87. 
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every direction^ often crossing each other. One of them measured 
15, another 30 feet in length, and others less. They were invariably 
flattened to the thickness of one or two inches, and converted into 
coal. Their roots formed part of a stratum of coal 10 inches thick, 
which rested on a layer of clay 2 inches thick, below which was a 
second forest, resting on a 2-foot seam of coal. Five feet below this 
again was a third forest with large stumps of LepidodendrUy Cala~ 
miteSy and other trees. 

In the account given, in 1821, by M. Alex. Brongniart* of the 
coal-mine of Treuil, at St. Etienne, near Lyons, he states that 
distinct horizontal strata of micaceous sandstone are traversed by 
vertical trunks of inonocotyledonous vegetables, resembling bam- 
boos or large Equi&eta (fig. 537.). Since the consolidation of the 


rip. M7. 



Section showing the erect position of rf>s.sil trees in roal-sandstonc at 
St. Ktienue. (Alex. Brongniart.) 


stone, there has betm here and there a sliding movement, wdiich has 
broken the continuity of the stems, throwing the upper parts of 
them on one side, so that they are often not continuous with the 
lower. 

From these appearances it wa.s inferred that we have here the 
monuments of a submerged forest. 1 formerly objected to this con- 
clusion, suggesting that, in that case, all the roots ought to have 
been found at one and the same level, and not scattered irregularly 
through the mass. 1 also imagined that tiie soil to which the roots 
were attached should have been different from the sandstone in 
which the trunks arc enclosed. Having, however, seen calamites 
near Pictou, in Nova Scotia, buried at various heights in sandstone 
and in similar erect attitudes, I have now little doubt that M. Brong- 


* Annales des Mines, 1821 . 


Ch. XXIV.] COAL — OBLIQUE FOSSIL TREES. 481 

uijii-t’a view was correct. Tliese plants seem to have grown on a 
sandy soil, liable to be flooded from time to time, and raised by new 
accessions of sediment, as may happen in swamps near the banks 
of a largo river in its delta. Trees which delight in marshy 
grounds are not injured by being buried several feet deep at their 
base; and other trees are continually rising up from new soils, 
several feet jibovc the level of the original foundation of the 
morass. In the banks of the Mississippi, when the water has fallen, 
I liave seen sections of a similar deposit in which portions of tho 
stumps of trees with tlieir roots in situ appeared at many different 
lieigbts.* 

• 

When I visited, in 1843, the quarries of Treuil above mentioned, 
llie fossil trees seen in fig. 537. were removed, but 1 obtained proofs 
of other forests of erect trees in the same coal-field. ^ 

Snags, — In 1830, a slanting trunk was exposed in Cragleitli 
quaiTy, near Edinburgh, the total length of which exceeded 60 feet. 
Its diain(?ter at the top was about 7 inches, and near the base it 
measured 5 feet in its greater, and 2 feet in its lesser width. The 
])ark was converted into a thin coating of the purest and finest coal, 
formingastrikiiigcontrastincolour witli the white quartzose sandstone 
in wliieh it lay. The annexed 

■' . « , . l ig. 538, 

figure represents a porlion of this "" 
tree, about 15 feet long, which 
I saw exjiosed in 1830, when all 
the strata had been removed from 
one side. The beds Avhieh re- 
mained were so unaltered and un- 
disturbed at the ])oint of junction, 
as clearly to show that they had 
been tranquilly deposited round 
the. tr(‘e, and that tin*, tree had 
not siibscf|uent]y pierced through 
them while they were yet in a 
soft stale. They were composed chiefly of siliceous sandstone, for 
the most part white ; and divided into laminm so thin, that from six 
to foui teen of them might be reckoned in the thickness of an inch. 
Some of these thin layers were dark, and contaim'd coaly matter ; 
but the lowest of the intersected b(?ds were calcareous. Tlie tree 
could noj; have been hollow when embedded, for the interior still 
]>r(‘served the woody texture in a perfect state, the petrifying matter 
being, for tin; most part, calcareous. f It is also clear that the lajiidi- 
fying matter was not introduced laterally from tin* strata through 
which the fossil jmsses, as most of these were not calcareous. It is 
well known that, in the Mississippi and other great American rivers, 
where thousands of trees float annually down the streams, some sink 
with their roots downwards, and become fixed in the iniid. Tims 
l)lac*ed thc}'^ have been compared to a lance in rest ; and so often do 

* Principles of Gcol., 9th ed., p. 2C8. 

t See figures of texture, Witham, Foss. Veget., PI. 3. 



Incliiifcl posit iim of n fossil i-utiiiig tlirou.;li 
liorizoutal beds of sandstone, Craiglcitii quarry, 
Kdinburgh. Angle ol im-Iination from a to'5 
27°. 
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they pierce through the bows of vessels which run against them, 
that they render the navigation extremely dangerous. Mr. Hugh 
Miller mentions four other huge trunks exposed in quarries near 
Edinburgh, which lay diagonally across the strata at an angle of 
about 30®, with their lower or heavier portions downwards, the 



roots of all, save one, rubbed off by attrition. 
One of these was 60 and another 70 feet in 
length, and from 4 to 6 feet in diameter. 

The number of years for whicli the trunks of 
trees, when constantly submerged, can resist 
decomposition, is very great ; as we might sup- 
pose from the durability of wood, in artificial 
piles, permanently covered by water. Hence 
these fossil snags may not imply a rapid accu- 
mulation of beds of sand, although the channel 
of a river or part of a higoou is often filled up 
in a very few years. 

Nova Scotia . — One of the finest examples in 
the world of a succession of fossil forests of the 
Carboniferous period, laid open to view in a 
natural section, is that seen in the lofty cliffs 
called the South Joggins, bordering the Chig- 
necto Channel, a branch of the Bay of Fundy, 
in Nova Scotia.* 

In the annexed section (fig. .'539.), which I 
examiiujd in July, 1842, the beds from c to i are 
seen all dipping the same way, their average 
inclination being at an angle of 24° S.S.W. 
Tlie vertical height of the cliffs is from l.)0 to 
200 feet ; and between d and ff, in which space 
I observed seventeen trees in an upright j)osi- 
tion, or, to speak more correctly, at right angles 
to the planes of stratification, I counted nineteen 
sefims of coal, varying in thickness from 2 inches 
to 4 feet. At low tide a fine horizontal section 
of the same beds is exjiosed to view on the 
beach. The thic.kiiess of the beds alluded to, 
between d cud is about 2o00 feet, the erect 
trees consisting chiefly of large Sigiltaruc, oc- 
curring at ten distinct levels, one above the 
other ; but Mr. Logan, who afterwards made a 
more detailed survey of the same line of cliffs, 
found ere .1 trees at seventeen levels, extending 
through a vertical thickness of 4.01.5 feet of 
strata; and he estimated the total thickness of 
the carboniferous formation, with and without 


* See Lyell’s Travels in N. America, vol. ii. p. 179* ; and Dawson, Gcol. Journ., 
No. 37. 
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coal, at DO less than 14,570 feet, everywhere devoid of marine 
organic remains.* The usual height of the buried trees seen by me 
was from 6 to 8 feet ; but one trunk was about 25 feet high and 4 feet 
in diameter, with a considerable bulge at the base. In no instance 
could 1 detect any trunk intersecting a layer of coal, however thin ; 
and most of the trees terminated downwards in seams of coal. Some 
few only wore based in clay and sliale ; none of them, except cata- 
mites, in sandstone. The erect trees, therefore, appeared in gene- 
ral to have grown on beds of coal. In the underclays Sligmaria 
abounds. 

In 1852 Dr. Dawson and the author made a detailed examination 
of one portion of the strahi, 1400 feet thick, where tlie coal-seams 
are most frequent, and found evidence of root-bearing soils at sixty- 
eight diflferent levels. Like the seams of coal which often cover 
tht*ni, these root-bods or old soils are at present the most destructible 
masses in the wliole cliff, the sandstones and laminated shales being 
harder and more capable* of resisting the action of the waves and 
the wcatluT. Originally the reverse was doubtless true, for in the 
existing delta of the Mississippi those clays in which the innume- 
rable roots of the deciduous cypress and other swamp trees ramify 
in all directions are seen to withstand far more effectually the 
undei’inining power of the river, or of the sea at the base of the 
delta, than do beds of loose sand or layers of mud uot supporting 
trees. 

This f^ict may explain why seams of coal have so often escaped 
denudation, and remain continuous over wide areas, since the tough 
roots, now turned to coal, which once traversed them, would enable 
them to resist a (mrrent of water, whilst other members of the coal- 
formation, in their original and unconsolidated state of sand and 
mud, would ho readily removed. 

In regard to the plants, they belonged to the same genera, and 
most of them to the same species^ as those met with in the distant 
coal-fi(*lds of Europ(\ In the sandstone, whicjh filled their interiors, 
I frequ(;iitly observed fern-leaves, and sometimes fragments of Stig^ 
viaria^ which had evidently entered together with sediment after the 
trunk had dc'cayed and become hollow, and while it was still stand- 
ing under water. Thus the tree, a 5, fig. 540., the same which is 
represenUid at a, fig. 541., or in the bed e in the hirg('r section, 
fig. 539., is a hollow trunk 5 feet 8 inches in length, traversing 
various strata, and cut off at the top by a layer of clay 2 feet thick, 
on which rests a scam of coal (5, fig. 541.) 1 foot thick. On this 
c.ofil again stood two large trees {c and d\ while at a greater height 
the trees f and g rest upon a thin seam of coal (e), and above them 
is an underclay, supporting the 4-feot coal. 

If wc now return to the tree first mentioned (fig. 540.), we find 
the diameter {a 5) 14 inches at the top and 16 inches at the bottom, 
the length of the trunk 5 feet 8 inches. The strata in the interior 


* Quart. Geol. Joum., vol. ii. p. 177. 
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consisted of a series entirely different from those on the outside. 
Tfie lowest of the three outer beds which it traversed consisted of 
purplish and blue shale (c, lig. 540.), 2 feet thick, above which was 

Fig. 540. 



Fosbil tree at right angle* to the planes o' .rr uilication 
('ual-nicasure.<i, Nova Sc'otu. 


Fig. 541. 



sandstone (d) 1 foot tliick, and, above this, clay (c) 2 feet 8 inehos. 
lint in the interior were nine distinct layers of dillerent composi- 
tion : at the bottom, first, slialo 4 indies, flam sandstone 1 foot, iJicn 
shale 4 inches, then sandstone 4 inches, then shale 11 inches, then 
clay (/) with nodules of ironstone 2 inches, then punj ehiy 2 /eet, 
then sandstone 3 inches?, and, lastly, clay 4 inches. Owing to tJic 
outward slope of the fac(j of lh<; cliff, the section (fig. 540.) Avas not 
exactly perpendicular to the axis of the tree ; and hence, prohahly, 
tite apparent suddeu teriiiiinition at the base Avithout a stumi) and 
roots. 

In this example the layers of matter in the insiile of the tree are 
more numerous than thosi* Avithout ; but it is more coiiimou in the 
coal-measures of all countrie.® to find a cylinder of pure sandstone 
— the cast of the interior of a tree — intersecting a great many 
alternating beds of shale and sandstone, which originally env(;lo])ed 
th(i trunk as it stood erect in the Avater. Sucli a Avant of corres- 
pondence in the materials outside and inside, is just Avhat Ave might 
expect if we reflect on the diffijrcnce of time atAvhich the depo.sitioii 
of sediment will take place in the two cases; the embedding of the 
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tree liaving gone on for many years before its decay had made much 
f> regress. 

In many places distinct jiroof is seen that the enveloping strata 
took y(*ars to accumulate, for some of the sandstones surrounding 
erect sigillariari trunks support at different levels roots and stems 
of Calamites ; the Calamitvs having begun to grow after the older 
iSfffUlarice had been partially buried. 

'riie general absence of structure in the interior of the large fossil 
trees of the Coal implies the very durable nature of their bark, as 
Compared witli their woody portion. The same difference of dura- 
bility of bark and Avood exists in modern trees, and was first pointed 
out to me by Dr. DaAvson, in the forests of Nova Scotia, Avliere the 
CaiKM* liirch {^Betufn papyrncea) has such tough bark that it may 
sometimes be seen in the swamps looking externally sound and fresh, 
allhouglj consisting siini)ly of a hollow cylinder with all the wood 
«l(;cay<i(l and gom*. Tii such cases the submerged portion is some- 
times found fill(*d Avith mud. 

One of the erect fossil trees of the South Joggins has been shown 
by Dr. Dawson to have Araucarian structure, so that some Conifercc 
of the Coal ]ieri<ul grcAv in the same swam])S as SiffiUaricCy pint as 
now the deciduous Cyi)ress {TartnUum distichum) abounds in the 
marshes of Louisiana even to the cdgi* of the sea. 

When the carboniferous forests sank below higli-watef mark, a 
s]>ocics of Spirorhis or Sirpula (fig. 545.) attached itself to the out- 
side of the stumps and stcnns of the erect trees, adhering occasionally 
even to tin*, interior of the bark — another proof that the process of 
envelopment Avas very gradual. These holloAv npriglit trees, covered 
Avith innumerable marine annelids, reminded me of a “cane-brake,” 
as it is commonly called, consisting of tall reeds of Arundinaria 
mucrospcntKt^ Avliich I saw in 1S46, at the Balize, or extremity of 
delta of the Mississippi. Although tl^ese reeds are fr(*shwat(*r 
j)lan<s, (hey Avere covered with barnacles, having been killed by an 
incui’ftioii of salt water over an exteut of many acres, Avherc (he sea 
had for a season usurped a space previously gaiued from it by tlic 
ri\er. Yet tlie dead reeds, in spite of tins change, remained stand- 
ing in the soft mud, shoAving Iioav easily the SiyiUnrUe^ hollow as 
tliey AV(‘re but suj)i)orted by strong roots, may have resisted an in- 
cursion of the sea. 

The high tides of the Bay of Fundy, rising more than (50 feet, 
are so dc'structive as to undermine and sweep away continually the 
Avhole face of the cliffs, and thus a iicav crop of erect fossil trees is 
brought into view every three or four years. They are known to 
cxtejid over a space between tAvo or three miles from north to south, 
and more than tAvicc that distance from east to west, being seen in 
tJi(^ banks of streams intersecting the coal-field. 

In Cape Breton, Mr. Richard BroAvii has observed in the Sydney 
coal-field a totjil thickness of coal-ineasnrcs, without including tlu* 
underlying mill stone-grit, of lb 13 feet, dipping at an angle of 80°. 
He has published minute details of the whole series, shoA\dng at how 
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many different levels erect trees occur, consisting of Sigillaria:, Ze- 
pidodendroHy Calamites, and other genera. In one place eight erect 
trunks, with roots and rootlets attached to them, were seen at the 
same level, within a horizontal space 80 feet in length. Beds of coal 
of various thickness arc interstratified. Taking into account forty- 
one clays, filled with roots of Stigmaria in their natural position, 
and eighteen layers of upright trees at other levels, there is, on the 
whole, clear evidence of at least fifty-nine fossil forests, ranged ojie 
above the other, in this coal-held, in the above-mentioned thickness 
of sii-ata.* 

The fossil shells of Cape Breton and those of the Nova S<iotia 
section, consist of species of UnionidcR^ or an allied extinct family. 
None of them agree with any shells known in the marine carboni- 
ferous limestones. In some strata the shells of an annelid allicnl to 
the genus Spirorbis (see fig. 545.) seem to indicate i)rnckish water ; 
but we ought never to be surprised if, in pursuing the same stralum, 
wo should come either to a freshwater or a purely inirine deposit ; 
for this will depend upon our taking a direction higher up or lower 
down the ancient river or delta deposit. 

In the strata Jibove described, the association of clays supporting 
upright trees, with other beds containing brackish-water shells, im- 
plies such a repeated change in the same area, from land to sea and 
from sea to Ijuid, that here, if anywhere, we should expect to meet 
with evidence of the fall of rain on ancient sea-beaches. Accordingly, 
rain-prints were seen by Dr. Dawson and mystdf at various levels, but 
the most perfect hitherto observed were discovered by Mr. Brown 
near Sydney in Cape Breton. They consist of very delicate impres- 
sions of rain-drops on greenish slates, with several worm-tracks 
(rt, b, fig. 542.), such as usually accompany rain-marks on the recent 
mud of the Bay of Fundy, and other modern beaches. 


Fig. 542. I Fig. 543. 



Fig. 542. Carboniferous rain-prints with worm-tracks (a, h) on green shale, from C:ipe 
Breton, Xova Scotia. Natural size. 

Fig. 543. Casts of rain-prints.on a portion of the same slab, flg. 542., seen on the linilor 
side of an incumbent layer of arenaceous shale. NMural size. 

The arrow repreieiils the supposed direction of the shoMcr. 

* Geol. Quart. Joom., vol. ii. p. 393. ; and vol. W. p. 115, 
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Tho casts of rain-priuts in figs. 543. and 544., project from the 
mid(‘r side cf two layers, occurring at different levels, the one a 
saiuly shale, resting on the green shale (fig. 542.), the other a sand- 


rig. f»44. 



('.uta ui carbiinircroiis rain-printh ami shrinkago-rrarks (a) on the under aide of a 
l.iyer of sandatune, (3ape Ureton. Nova Seotia. Natural sue. 


stone pr(?sf*iiting a similar warty or blistered surface, on which are 
also ohservabU; some small ridges as at a, which stand out in relief, 
and afford (jvidence of cracks formed by the shrinkage of subjacent 
clay, on which rain had fallen. Many of the associated sandstones 
are rip])le-inarked. 

The great humidity of the climate of the Coal period had been 
])revionsly inferred from the nature of its vegetation and the con- 
tinuity of its forests for hundreds of miles ; but it is satisfactory 
to have at length obtained such posilivo ])roofs of showers of 
rain, the drops of which resembled in their average size those 
which now fall from the clouds. From such data we may presume 
thal the atinosph(n*(j of the Carboniferous period corresponded in 
density Avith that now investing the globe, and that different enrrents 
of air varied then as now in teui])erature, so ns to give rise, by their 
iniAture, to the condensation of jujueous vapour. 

The more elosely the strata productive of coal have been studied, 
the gniater has become the force of the evidence in favour of their 
having originated in the manner of modern deltas. They display a 
vast tliicknoss of stratified mud and fine sand without pebbles, and 
in them are seen (rouiitless stems, leaves, and roots of terriistrial 
])lants, free for the most part from all intermixture of marine 
rmnains — cireuinstances which imply tho persistency in the same 
region of a vast body of fresh Avater. This av a ter was also charged, 
like tliat of a great river, with an inexhaustible supply of sediment, 
Avhicli seems to have been transported over alluvial plains so hir 
from the higher grounds that all coarser particles and gravel Avere 
left behind. Such phenomena imply the drainage and denudation 
of a continent or large island, having within it one or more ranges 
of mountains. The partial intercalation of brack ish-water beds at 
certain points is equally consistent with the theory of a delta, the 
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lower parts of whicli are always exposed to be overflowed by tlic 
sea, even where no oscillations of level tin? experienced. 

The purity of the coal itself, or the absence in it of earthy ])Mr- 
ticlcs and sand, throughout areas of vast extent, is a fact which 
appears very difficult to explain when we attribute each coal-seam 
to a vegetation growing in swamps. It has been asked how, during 
river inundations capable of sweeping away the leaves of ferns and 
the stems and roots of Sigillarue and other trees, could tiie waters 
fail to transport some fine mud into the swamps ? One generation 
after another of tall trees grew with their roots in mud, and tlieir 
leaves and prostrate trunks formed layers of vegetable matter, which 
was afterwards covered with mud since turned to shale. Yet the 
coal itself, or altered vegetable matter, remained all the while 
unsoiled by earthy particles. This enigma, however perplexing at 
first sight, may, I think, be solved by attending to what is now 
taking place in delta'4. The deus(5 groAvtli of reeds and h(U’bair(i 
which encompasses the margins of forest-covered swam])s in the 
vall(*y and delta of the Missis.sippi is such that the fluviatih^ waters, 
in ]iassiiig through them, are tiltcred and made to clear them.selv(*s 
entirely before they reach the ar(*as in w'hich vegetable matter may 
accumulate for centuries, forming coal if the climate be favourable. 
There is no possibility of the least intermixture of ejirthy matter in 
such cases. Thus in the large submerged tract called tluj “ Sunk 
Country,” near New INIadrid, forming part of the western side of the 
valley of the Mississippi, er<*ct trees have been standing ever since 
the year 1811-12, killed by the great earthquake of that date; 
lacustrine and swamp plants have been growing there in tlui 
shallows, and sev(*ral rivers have annually inun(lat(‘d the whole 
space, and yet have been unable to carry in any sediment Avilhin 
the outer boundaries of the morass, so dense is the marginal belt of 
reeds and brushwood. It may be affirmetl that generally in the 
“ cypress swamps ” of the Mississij)pi no sediment mingles with the 
vegetable matter accumulated there from the d(‘cay of trees and 
seini-aquatic plants. As a singular proof of this fact, I may numtiou 
that Avh( 3 never any part of a sAvainj* in Louisiana is dried up, during 
an unusually hot season, and the wood set on fire, pits are burnt 
into the ground many feet deep, or as far doAvn as the tirci (;an descend, 
without meeting with Avater, and b. is then found that scarcely any 
residuum or earthy matter is left.* At the bottom of all tlicscj “ cy- 
press sAvaraps ” a bed of clay is found, with roots of the tall cypress 
( Taxodium distichum), just as tho underclays of the coal are filled 
with Stigmaria, 

It has been already stated that tho carboniferous strata at the 
South Joggins, in Nova Scotia, are nearly three miles thick, and 
the coal-measures are ascertained to bo of vast thickness near Pictou, 
mofe than 100 miles to the eastward. If, therefore, avo speculate on 

* Lyclfs Second Visit to the U. S., vol. ii. p. 245. ; and American Joum. of 
Science, Second Scries, vol. v. p. 17, 
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the probable volume of solid matter, contained in the Nova Scotia 
coal-fields, there appears little danger of erring on the side of excess 
il we take the average thickness of the beds at 7o00 feet, or about 
half that ascertained to exist in one carefully-measured section. 
As to the area of the coal-field, it includes a large part' of New 
Brunswick to the west, and extends north to Prince Edward’s 
Island, and jirobably to the Magdalen Isles. When wc^add tlieCape 
Breton beds, and the connecting strata, which must have been 
denuded or arc still concealed beneath the waters of the (^nlf of St. 
Lawrence, we obtain an area comprising about Sti.OOO square miles, 
lliis, with the thickness of ToOO feet before assumed, will give 
.31,000 cubic miles of solid matter as the volume of the carboniferous 
rocks. 

According to the latest estimate of the annual discharge of water 
by the i\Iissis.sippi, nnd the proportion of sediment held in suspension 
ill ifs waters at different seasons of the year, after making due 
jillowanco for tin* sand and coarser particles ])ushed along the bottom, 
it would take, according to the late survey of Mi‘ssrs. Humphreys 
and Abbot, more than a milliim years for the great river to carry 
down from llie continent to the gulf an amount of solid matter equal 
to fhat of the rocks above alluded to,*^ 

llie Cianges, according to the data supplied toimj by Mr. Everest 
and Ca])tain Strachey, convoys so imicli larger a volumci of solid 
matter annually to the Bay of Bengal, that it might accomplish a 
similar task in 37d,()0() years. 

As the lowest of the carbon iferons strata of Nova Scotia, like the 
middle and ujipermost, consist of shallow-water beds, the Avholo 
vertical subsidence of three miles, at the Soiilli Joggins, must have 
faken place gradually. Even if this dojnession was brought about 
in the course of 37o,()()0 years, it may have been accomplished at 
tJie average rate of 4 feet in a c(‘iitin*y, resembling that now ex- 
piTienccd in certain countries, where, wlietlicr the movement be 
upward or downward, it is quite insensible to the inhabitants, and 
only known by scientific inquiry. If, on the other band, it was 
brought about in rather more than a mijlion of years acc<)nling to 
the other standard lujfore alluded to, the rate would be little more 
than a foot in a century. The same movement taking place in an 
u])ward direction would be suffieieiit to uplift a portion of the earth’s 
crust to the height of Mont Blanc, or to a vertical elevation of three 
miles above the level of the sea. 

I lie delta of the Ganges presents in one respect a striking parallel 
to the Nova Scotia coal-field, since at Calcutta, at the depth of eight 
or teif feet from the surface, the buried stools of trees with their roots 
attached have been found in digging tanks, indicating an auciciit 
soil now underground ; and, in boring on the same site for an Arte- 
sian well, to the depth of 481 feet, other signs of ancient foitjst- 

Principles of Gcolocry, 9th ed., 1853, p. 273. ; and Antiquity of Man, 

3r(l cd., Appendix B., p. 522. 
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covered lands and peaty soils have been observed at several depths, 
even as far down as 300 feet and more below the level of the sea. 
As the strata pierced through contained freshwater remains of 
recent species of plants and animals, they imply a subsidence which 
has been going on contemporaneously with the accumulation of 
fluviatile mud. 

In the English coal-fields the same association of fresh, or rather 
brackish-water strata, with marine, in close connection with beds of 
coal of terrestrial origin has been frequently recognized. Thus, 
for example, a deposit near Shrewsbury, probably formed in 
brackish water, has been described by Sir R. Murchison as the 
youngest member of the carboniferous scries of that district, at 
the point where the coal-measures are in contact with the Permian 
or “ Lower New Rod.” It consists of shales and sandstones about 
1 50 feet thick, with coal and traces of plants ; including a bed 
of limestone varying from 2 to 9 feet in thickiu'-s, which is cellular, 
and resembles some lacustrine limestones of Franco and G^many. 
It has been traced for 30 miles in a straight line, and can be 
recognized at still more distant points. The characteristic fossils 
are a small bivalve, having the form of a Cyclas or Cyrenay also 
a small entomostracan which may bo a CypriSy or, if marine, a 
Cythere (fig. 54().), and the microscopic shell of an annelid of an 
extinct genus called Microconchus (fig. 54o.) allied to Serpuia or 
Spirorhis, 


Fig. 515. 



a ^ffnnroncht,i (Spirotfiis) 
caiboinn ifis. Nat . tfizi*, 

(Hill 

b, var. of .sauio. 


Fig. 540. 


0 


^Vpns? inflnta for Cythrrr 
N'lr. sizp. and liiaguitieii. 
Murchison.* 



Fig. M7. 


In the lower coal-measures of Coalbrook Dale, the strata, accord- 
ing to Mr. Prestwich, oft(‘n change completely within vfuy sliort 

disl.inces, beds of sandstone passing hori- 
zontal I v into clay, and clay into sand- 
stone. The coal-seams often wedge out 
or disappear ; and sections, at places 
nearly contiguous, present marked litho- 
logicial distinctions.' In this single field, 
in v’hich the strata are from 700 to 800 
feet thick, between forty and fifty 
species of terrestrial plants have been 
discovered. be.sides several fishes of the 
Coal, coaihrook Dale. gcnera MegolichlhyUy HoloptychinSy and 

others. Crustacea are also met with, of the genus Limulus (sec fig. 



* Silurian System, p. 84. 
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047. ), lyscmbling in all essential characters the TAmtili of the Oolitic 
period, and the king-crab of the modern seas. They were smaller, 

^however, than the living form, and had the abdomen deeply grooved 
across, and serrated at its edges. In this specimen tlie tail is wanting ; 
l)ut in another, of a second species, frgm Coalbrook Dale, the tail is 
se(‘n to agree with that of the living Limulus. 

The perfect carapace of a long-tailed or decapod crustacean has 
also been found in the iron-stone of these strata by ]Mr. Ick (see fig. 

048. ). It is referred by Mr. Salter to Gh/phea, r genus also occur- 

ring in the Lias and Oolite. There are also 
upwards of forty speci(*s of mollusca, among 
Avliich arc two or three ref(*rrcd to tin fresh- 
water genus lTnio^ and others of marine 
forms, such as Nautilus^ Orthoveras^ Sph'ifrr, 
and J^roductus, Mr. IVestwich suggests that 
the intermixture of beds conlaining fii‘sh- 
water shells with others full of marine remains 
and the alternation of ccjarse sandstone and 
conglomerate with beds of fine clay or shale 
containing the remains of plants, may bo (‘x- 
nlained by sutinosing the d(‘nosit of Coalbrook eKdward.s. 

j •' * ^ . . ” , . * , /• 1 'rhooidfs' ii'i'orticil (ic*in|»o(l(or 

Dale to have originated in a bay ol the sea ioii},Maiii;d)rriisMC(.«an. Cnai- 

, i*i/i 1 *111 inc.ibiii Coalbrook DaU*. 

or estuary into wliieli flowed a considerable 
river subject to occasional freslies.* 

(Jno or more siiecies of scorpions, two beetles of tlie family Curcti- 
lionidia^ aud a luiurojiterous insect resembling the genus Corydalis, 
and another related to Phasmidfc^ have bi*cn found at Coalbrook 
Dale. From the coal of Wetting in Westphalia several specimens 
of the cockroach or BUflla family, and the wing of ti cricket (Acri- 
difes), have been described by Gcrmnr.f 

More recently (18o4) Mr. Fr. Goldeubcrg has publislied descrip- 
tions of 110 less than twelve species of insects from the nodular 
clay-iron -stone of >Saarbruck, near Treves. J They arc associated 
with the lea\es and branches of fossil ferns. Among them are 
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WiiiK Ilf a Orassh^piT. 
UtyUacris lithanlhucn, Coldriiberg. 
Coal, Saarbriick, near Troves. 


* Prcstwicli, G col. Trans., Sec. Scries, 1842. 
vol. V. p. 440. t Palajont, Duiikcr and V. Meyer, 

t See Miinstcr’s Beitr., vol. v.Pl. 13., vol. iv. p. 17. 
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sevenil Blattintr^ tliree species of Neuroptern^ one beetle of the 
Scarabfpits fuinily, a grasshopper or locust, Grt/llncris (see fig. o49.), 
and several white ants or Termites, These newly-added species 
[)robiibly outnumber all we knew before of the fossil insects of the 
coal. 

In the Edinburgh coal-field, at Burdichouse, fossil fishes, mollnsks, 
and cyprides(?), very similar to those in Shropshire and Staffordshire, 
liave been found by Dr. Hibbert. In the coal-field also of Yorkshin*. 
there are freshwater strata, some of which contain shells referred 
to the family Unionidre ; but in the midst of the series there is one 
tliinbut very widely-spread stratum, abounding in fishes and marine 
, -hells, such as Gomntites /Asleriifig. 5o0.), Orthocerus, '3LnCi Avicula 
ptipyracviiy Goldf. (fig. dol.). 

Fip. .-.50. 


Coni(ifiU\s Miirtin, «p. 

No >iinilarly iiilercalated lay(n' of marine shells has been iiotic.c'd 
in the neighbouring coal-field of N«‘wcastle, where, as in South 
Wal(‘s and Somersetshire, the marine deposits are entirely below 
th(».-e containing terrestrial and freshwater rcMiiains.* 

Chfp -iron-stone, — Hands and nodules of clay-iron-stoncj are com- 
mon in coal-measures, and are forme<l, says Sir II. J)e la Heclie, 
of carbonate of iron mingled mechanically with earthy matt(‘r, 
like that constituting tin? shales. Mr. Hunt, of the JMuseum of 
Practical Geology, instituted a scries of experiments to illustrate 
the production of this substance, and found that decomposing vege- 
table matter, such as w'onld be distributed tlirougli all coal strata, 
prevented tlie farther oxidation of the ])roto-.«alts of iron, and con- 
verted the jieroxide into protoxide by taking a ])ortioii of its oxygen 
to form carbonic acid. Sucli carbonic acid, meeting with the j)ro- 
toxide of iron in solution, would unite with it and form a carbunato 
of iron ; and this mingling witJi line mud, Avlien the excess of car- 
bonic acid was removed, might form beds or nodules of argillaceous 
iron-stone, f » 

* Phillips; nrt. “Geology,” Ep^*}'c. f Memoirs of Geol. Survey, pj*. jl. 
Metrop., p. 5U2. 255., 


Ftp. .5.51. 



Avirtila mra, GoMf. 

{l*ccivH papyraccus^ Sow.) 
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CHAPTER XXV. 

CARBONIFEROUS GROUP — continued, 

C'>al-fi('l(ls of the United States — Section of the country between the Atlantic and 
]Mi^.si>si])pi — Position of laud in the carlmnifcroiis period eastward of the Al- 
h‘”hanics — MeehanicuDy formed rocks thiniiin*^ out wen ward, and limcstoneh 
tiiickcning — Uniting of many coal-seams into one thick bed — Horizontal coal 
at Brownsville, Pennsylvania — Vast extent and continuity of single seams of 
coal — Ancient rivcr-ehannel in Forest of Dean coal-field — Climate of car- 
boniferous period — Insects in coal — llarity of air-breathing animals — Great 
iMiniber of fossil tish — First iliscovery of the skeletons of fossil reptiles — Foot- 
prints of reptilians — First land-slicll found — Rarity of air-breathers, whether 
\crtebrate or invertebrate, in Coal-mcahures — Mountain limestone — Its corals 
and marine shells. 

Tt was stated in tlio last chaptor that a great uniformity prevails in 
the fossil plants of t.lie ooal -measures of ICiiropc and North America ; 
and I may add that four-fifths of those collected in Nova Scotia have 
been identified with European species. Hence the former existence, 
at the remote jieriod under consideration (the eiirboniferous), of a 
continent or chain of islands wh(*re the Atlantic now rolls its waves 
seems a fair inference. Nor are there wauling other and indepem- 
d(Mit proofs of such an anciemt land situated to the eastward of the 
present Atlantic coa>t of North America; for the g(‘ologist deduces 
the same conclusion from the mineral cojnposilion of the carbonifer- 
ous and some older groups of rucks as th(»y are developed on the 
easicrn flanks of the AUeghaiiies, contrasted with tludr character in 
the low country to the westward of those mountains. 

The annexed diagram (fig. 552.) will assist the reader in under- 
standing the phenomena now alluded to, althougli I must guard him 
auninst supposing that it is a irnc section. A great number of 
details liave of necessity b(Jon omitted, and the scale of heights and 
liorizontal distances are unavoidably falsified. 

Starting from the shores of tlio Atlantic, on the eastern side of 
the Continent, we first come to a low region (a li), wJiieh was called 
tlie alluvial plain by the first geographers. It is occupied by tertiary 
ami cretaceous strata, before described (pp. 240. 306. and 335.), 
which are nearly horizontal. The next belt, from u to c, consists of 
granitic rocks (hypogene), chiefly gneiss and mica-schisi, covered 
occasionally witli uiiconformable red sandstone. No. 4. (New Red or 
Trias?), remarkable for its footprints (see p. 452.). Sometimes, also, 
this sandstone rests on the edges of the disturbed paleozoic rocks (as 
seen in the section). The region (b c), sometimes called the ‘‘Atlan- 
tic Slope,” corresponds nearly in average width with the low and flat 
plain (a b), and is characterized by hills of moderate height, con- 
trasting strongly, in their rounded shape and altitude, with the long, 



Atlantic and the Mississippi. 
Length from E. to W. 850 miles. 
Alleghanies, or Apisalachians. 


494 


GEOLOGICAL STRUCTURE OF UNITED STATES. [Ch. XXY, 




CARBONIFEROUS GROUP. 


495 


Ch. XXV.] 

steep, and lofty parallel ridges of the Alleghany mountains. Tho 
out-crop of tho strata in those ridges, like the two belts of hypogene 
and newer rocks (a b, and b c), above alluded to, when laid down 
on a geological map, exhibit long stripes of different colours, run- 
ning in a N.E. and S.W. direction, in the same way as tho lias, 
chalk, and other secondary formations in tho middle and eastern half 
of England. 

Tho narrow and parallel zones of the Appalachians, here men- 
tioned, consist of strata, folded into a succession of convex and con- 
cave flexures, subsequently laid open by denudation. The compo- 
nent rocks are of great thickness, all referable to the Silurian, 
Devonian, and Carboniferous formations. There is no principal or 
central axis, as in tho Pyrenees and many other chains — no nucleus 
lo which all tho minor ridges conform; but the chain consists of 
many nearly equal and parallel foldings, having what is termed an 
anticlinal and synclinal arrangement (see above, p. 48.). This sys- 
tem of hills extends, geologically considered, from Vermont to Ala- 
bama, being more than KKX) miles long, from 50 to 150 miles broad, 
and varying in height from 2000 to 6000 feet. Sometimes the whole 
assemblage of ridges runs perfectly straight for a distance of more 
than 50 miles,* after which all of them wheel round altogether, and 
t«ake a new direction, at an angle of 20 or 30 degrees to the first. 

We are indebted to the state surveyors of Virginia and Pennsyl- 
vania, Prof. W. B. Rogers and his brother Prof. H. D. Rogers, for 
the important discovery of a clue to tho general law of structure 
prevailing throughout this range of mountains, which, however sim- 
ple it may appear when once made out and clearly explained, might 
long have been overlooked, amidst so great a mass of complicated 
details. It appears that the bending and fracture of the beds is 
greatest on tho south-eastern or Atlantic side of tho chain, and tho 
strata become less and less disturbed as we go westward, until at 
length they regain their original or horizontal position. By refer- 
ence to the section (fig. 552.), it will be seen that on tho eastern side, 
or in the ridges and troughs nearest the Atlantic, south-eastern dips 
predominate, in consequence of the beds having been folded back 
upon themselves, as in i, those on tho north-western side of each 
arch having been inverted. The next set of arches (sucli as k) are 
more open, each having its western side steepest ; the next (1) open 
out still more widely, the next (m) still more, and tliis continues 
until wo arrive at the low and level part of the Appalachian coal- 
field (d e). 

In nature or in a true section, the number of bendings or parallel 
•folds is so much greater that they could not be expressed in a dia- 
gram without confusion. It is also clear that large quantities of 
rock have been removed by aqueous action or denudation, as will 
appear if we attempt to complete all the curves in the manner indi- 
cated by the dotted lines at i and h. 

The movements which imparted so uniform an order of arrange- 
ment to this vast system of rocks must have been, if not contempo- 
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raneous. at least parts of one and the same series, depending on some 
common cause. Their geological date is well defined, at least within 
certain limits, for they must have taken place after the deposition of 
the carboniferous strata (No. 5.), and before^the formation of the red 
sandstone (No. 4.). The greatest distui’bing and denuding forces 
have evidently been exerted oh the south-eastern side of the chain ; 
and it is hero that igneous or plutonic rocks are observed to have 
invaded the strata, forming dykes, not expressed iu the section, some 
of which run for miles in lines parallel to tho main direction of the 
Appalachians, or N.N.E. and S.S.W. 

The thickness of the carboniferous rocks in the region c is very 
great, and diminishes rapidly as we proceed to the westward. TJic 
surveys of Pennsylvania and Virginia sliow that the south-east was 
the quarter whence the coarser materials of these strata w(;re derived, 
so that the ancient land lay in that direction. The conglomerate 
which forms the general base of the coal-measures is 1500 feet tliick 
in the Sharp Mountain, where I saw it (at c) near Pottsville ; wherefis 
it has only a thickness of 500 feet, about thirty miles to the north- 
west, and dwindles gradually away when followed still farther in the 
same direction, until its thickness is reduced to 30 feet.* The lime- 
stones, on tho other hand, of tho coal-measures augment as we trace 
them westward. Similar observations have been made in regard to 
the Silurian and Devonian formations in New York; the sandstones 
and all the mechanically-formed rocks thinning out as they go west- 
•ward, and the limestones thickening, as it were, at their expense. It 
is, therefore, clear that the ancient land was to the east, wheni the 
Atlantic now is ; the deep sea, with its banks of coral and sludls to 
the west, or whece the hydrographical basin of the Mississippi is 
now situated. 

Ill that region, near Pottsville, where the thickmiss of the coal- 
measures is greatest, there are thirteen seams of anthracitic coal, 
siiveral of them more than 2 yards thick. Some of the lowest of 
tliese alternate with beds of white grit and conglomerate of coarser 
grain than I ev(*r saw elsewhere, associated with pure coal. The peb- 
bles of quartz are oflen of the size of a hen’s egg. On following these 
pudding-stones and grits for seviiral miles from Poltsvillo, by Tama- 
qufi, to the Lehigh Summit Mine, in company with Mr. 11. D. 
Kogers, in 1841, he pointed out to me that the coarse-grained strata 
and th(‘ir accompanying shales gradually thin out, until seven seams 
of coal, at first widely separated, arc brought nearer and nearer 
together, until th(jy successively unite ; so that at laSt they form 
one mass, between 40 and 50 feet thick. I saw this enormous bed of 
anthracitic coal qujirried in the open air at Mauch Chunk (or the. 
Bear Mountain), the overlying sandstone, 40 feet thick, having been 
r( 3 movcd bodily from the top of the bill, which, to use the miner’s 
expression, had been “scalped.” The accumulation of vegetable 
matter now constituting this vast bed of anthracite, may perhaps, 
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before it was condensed by pressure and the discharge of its 
Iiydrogen, oxygen, and other volatile ingredients, have been between 
200 and 300 feet thick. Tlio origin of such a vast thickness of 
veg(*table remains, so unmixed with earthy ingredients, can, I think, 
be ac(5oiinted for in no other way, than by the growth, during thou- 
sands of years, of trees and ferns, in the manner of peat, — a theory 
which the presence of the Stigmaria in situ under each of the seven 
layers of anthracite, fully bears out. The rival hypotliesis, of the 
drifting of plants into a sea or estuary, leaves the absence of sedi- 
ment, or, in this case, of clay, sand, and pebbles, wholly unexplained. 

Hut the student will naturally ask, what can have caused so many 
seams of coal, after they had been persistent for miles, to come to- 
gether and blend into one single seam, and that one equal in the 
aggregate to the thickness of the several separate seams ? Often had 
tlie same question been put by English miners before a satisfactory 
answer was given to it by the late Mr. Bowman. The following is 
liis solution of the problem. Let a a\ lig. 553., bo a mass of vege- 


Fig. 653. 



Fig. 654. 



table matter, capable, when condensed, of forming a 3-foot seam of 
coal. It rests on the underclay h filled with roots of trees in situ, 
and it supports a growing forest (c d). Suppose that part of the 
sjmie forest n k had become submerged by the ground sinking down 
25 feci, so that the trees have been partly thrown down and partly 
remain erect in water, slowly decaying, their stumps and the lower 
parts of their trunks being enveloped in layers of sand and mud, 
Avhich are gradually filling up the lake D f. When this lake or 
lagoon has at length been entirely .silted up and converted into land, 
say, in the course of a century, the forest C d will extend once more 
continuously over the whole area c p, as in fig. 554., and another mass 
of vegetable matter (<7/7'), forming 3 feet more of coal, may accu- 
mulate from c to F. We then find in the region f, tAvo seams of 
coal (a' and g') each 3 feet thick, and separated by 25 feet of sand- 
stone and .. shale, with erect trees based upon the lower coal, while, 
between d and c, we find these two seams united into a 2-yard coal. 
It may bo objected that the uninterrupted growth of plants during 
the interval of a century will have caused the vegetable matter in 
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the rej^ion c d to be thicker than the two distinct scams and g' at 
F ; and no doubt there would actually be a slight excess representing 
one generation of trees with the remains of other plants, forming 
half an inch or an inch of coal; but this would not prevent the 
miner from allirming that tlie seam ag^ throughout the area c d, 
was e(|ual to the two scams a! and g' at f. 

Tlie reader has seen, by reference to the section (fig. oo2. p. 
491.), that the strata of the Appalachian coal-field assume an 
horizontal position west of the mountains. In that less elevated 
coiiutiy, the coal-measures are. intersected by three great navigable 
rivers, and are capable of furnishing for ages, to tluj inhabitants of a 
densely peopled region, an inexhaustible supply of fuel. These 
rivers are the Monongahela, the Alleghany, and the Ohio, all of 
which lay open on their banks the level seams of coal. Looking 
down the first of these at llrownsvillo, we have a fine view of the 
main seam of bituminous coal 10 feet thick, commonly called the 
Pittsburg seam, breaking out in the steep clilF at the water’s edge; ; 
and I made the accompanying sketch of its appearance from the 
bridge over the river (see fig. 5oo.). Here tlie coal, 10 feet thick, is 
covered by carbonaceous shale (^), and this again by micacf‘ous sand- 
stone (e). Horizontal galleries may bo driven everywhere at vei*y 
.sliglit expense, and so worked us to drain themselves, while the cars, 
laden with coal and attached to each other, glide down on a railway, 
so as to deliver tlieir burden into barg(;s moored to the river’s bank. 
The same seam is seen at a distance, on the right bank (at (i\ and 
may be; followed the whole way to Pittsburg, fifty miles distant. As 
it is nearly horizontal, while the river descends it crops out at a con- 
tinually increasing, but never at an inconvenient, heiglit above th(‘ 
Monongahela. Below the great bed of coal at llrownsville is a fire- 
clay 18 inches thick, and below this, several b(*ds of limestone, below 
wliich again are other coal seams. 1 liav(; also sliown in my sketch 
another layer of workable coal which breaks out on the 

slope of the hills at a greater height. Here ^dmo^t every proprietor 
can open a coal-pit on his own land, and tlie stratificalioii being very 
regular, he may calculate with precision the depth at which coal may 
b(! won. 

The Appalachian coal-field, of which these strata form a part 
(from c to E, section, fig. 552. p. 494.), is remarkable for its vast 
area ; for, according to Professor II. D. Rogers, it stretches continu- 
ously from N.E. to S.W., for a distanee of 720 miles, its greatest 
width b(dng about 180 miles. On a moderate estimate, its superficial 
ar(;a amounts to 63,000 square miles. 

This coal-formation, before its original limits were reduced by 
denudation, must have measured 900 miles in length, and in some 
places more than 200 miles iu breadth. By again referring to the 
sc(!iion (fig. 552. p. 494), it will be seen that the strata of coal are 
hurizontJil to tlie westward of the mountains in the region d e, and 
become more and more inclined and folded as we proceed eastward. 
Now it is invariably found, as Professor H. D. Rogers has shown by 
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chemical analysis, that the coal is most bituminous towards its 
western limit, whcro it remains level and unbroken, and that it 
brconies progressively dobituminizcd as wo travel south-eastward 
towards the more bent and distorted rocks. Tlius, on the Ohio, the 
proportion of hydrogen, oxygen, and other volatile matters ranges 
from forty to fifty per cent. Eastward of this line, on the Mononga- 
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hela, it still approaches forty per cent., where the strata begin to ex- 
perience some gentle flexures. On entering the Alleghany Moun- 
tains, where the distinct anticlinal axes begin to sliow themselves, 
but before the dislocations arc considerable, the volatile matter is 
gi'iierally in the proportion of eighteen or twenty per cent. At 
length, when Ave arrive at some insulated coal-fields (o', fig. 552.) as- 
sucialed with the boldest flexures of the Appalachian chain, Avhere 
the strata have been actually turned over, as near Poltsville, we 
find th(j coal to contain only from six to twelve per cent, of bitumen, 
thus becoming a genuine anthracite.* 

It appears from the researches of Liebig and other eminent 
chemists, that Avhen wood and vegetable matter are buri(*d in the 
earth exposed to moisture, and partially or entirely excluded from 
the air, tliey decompose slowly and evolve carbonic acid gas, thus 
parting with a portion of their original oxygem. By tliis mc'ans, 
th(5y become gradually coiivert(‘d into lignite or wood-coal, Avhich 
contains a larger proportion of hydrogen than wood doc'S. A con- 
tinuance of decomposition changes this lignite into common or bitii- 
ininoiis coal, chiefly by the discharge of carburetted hydrogen, or the 
gas by Avhich Ave illuminate our streets and houses. According to 
Bischolf, the inflammable gases which are always escaping fj*om 
mineral coal, and are so often the cause of fatal accidents in mines, 
ahvays contain carbonic acid, carburetted hydrog(;n, nitrogen, and 
olifiant gas. The disengagement of all these gradually transforms 
ordinary or biluminoua coal into anthracite, to AAdiicli th(‘ various 
names of splint-coal, glancc-coal, hard-coal, culm, and many olliers, 
hav(j been given. 

We have seen that, in the Appalacliiaii coal-field, th(;re is an 
intimale connection betAveen the extent to Avhich the coal has ])art(*d 
Avith its gaseous contents, and the amount of disturbance Avliich tho 
strata Jiavo undergone. The coincidence of these ])lienomeiia. may 
be attributed partly to the greater facility aflbrded for the escape of 
volatile matter, AAdiere the . fracturing of the rocks had produced an 
infinit(3 number of cracks and crevices, and also to tlie heat of the 
gases and Avater penetrating these cracks, Avhen the great movements 
took place, Avliich have rent and folded the A])palachian strata. It 
is well known that, at tlic present period, thermal waters and hot 
vapours burst out from the earth during earthquakes, and these 
AA'ould not fail to promote tho disengagement of volatile matter from 
the carbon ifcjrous rocks. 

Continuity of sea tns of coal . — As single seams of coal are con- 
tinuous over very wide areas, it has been asked, how forests could 
have prevailed uninterruptedly over such wide spaces. In reply, it 
may bo said that swamp-forests in one delta may extend for 25, 50, 
or 100 miles, Avhile in a contiguous delta, as on. the borders of the 
Gulf of Mexico, another of precisely the same character may bo 
growing ; and these may in after ages appear to geologists to have 
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been continuous, although in fact they were simply contemporaneous. 
Denudation may easily be imagined in such eases as the cause of in- 
terruptions, which were in fact, original. But as in all the American 
coal-fields there are numerous root-beds without any superincumbent 
coal, we may presume that frequently layers of vegetable matter 
were removed by floods ; and in other cases, where the stigmaria-clays 
ai’c for a ccirtain space covered with coal, and then prolonged with- 
out any such covering, the inference of partial denudation is still 
more obvious. 

I u the Forest of Dean, in Gloucestershire, ancient river-channels are 
found, which pass through beds of coal, and in which rounded pebbles 
of coal occur. They are of older date than the overl)^ing and undis- 
turbcMl coal-measures. The late Mr. Buddie, who described them to 
me, told me he luid seen similar phenomena in the Newcastle coal-field. 
Neverthel(*ss, instances of these channels are much more rare than 
we might have anticipated, especially when we remember how often 
the roots of trees {Stigmarue) have been torn up, and drifted in 
brolvcn fragments into the grits and sandstones. The prevalence of 
a downward movement is, no doubt, the principal cause which has 
pav('(l so many extensive seams of coal from destruction by fluviatilo 
action. 

Climate of Coal Period, — So long as the botanist taught that a 
tropical climate was implied by tho carboniferous flora, geologists 
might well bo at a loss to reconcile the preservation of so much vege- 
table matter with a high temperature ; for heat hastens tho decompo- 
sition of fallen leaves and trunks of trees, whether in the atmosphere 
or in wat(»r. It is well known that peat, so abundant in the bogs of 
high latitudes, ceases to grow in the swamps of warm(?r regions. 
It seems, however, to have become a more and more received opinion, 
that the coal-plants do not, on the whole, indicate a climate resem- 
bling that now enjoyed in the equatorial zone. Tree-ferns range as 
far south as the southern part of New Zealand, and Araucarian pines 
occur in Norfolk Island and Chili. A great predominance of ferns 
and lycopodiums indicates moisture, equability of temperature, and 
fn‘edom from frost, rather than intense heat; and we know too little 
of the sigillariaj, calamites, asterophyllites, and other peculiar forms 
of the Carboniferous period, to be able to speculate with confidence 
on the kind of climate they may have required. 

The same may be said of the corals and ceplnilopoda of the 
Mountain Limestone, — they belong to families of whoso climatal 
habits we know nothing; and even if they should be thought to 
imply that a warm temperature characterized the northern seas in 
the carboniferous era, the absence of cold may have given rise (as at 
present in tho sens of tho Bermudas, under the influence of the 
gulf-stream) to a very wide geographical range of stone-building 
corals and shell-bearing cuttle-fish, without its being necessary to 
call in the aid of tropical heat. 
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Where we have evidence in a single coal-field, as in that of Nova 
Scotia, or of South Wal(*s, of fifty or even a hundred ancient forests 
})iiried one above the other, with the roots of trees still in their 
original position, and Avith some of the trunks still remaining erect, 
AV(* arc apt to Avonder that until the year 1844 no remains of contem- 
poraneous air-hrcatliing creatures should have been discovered. No 
vertehrated animals more highly organized than fish, no mammalia 
or birds, no saurians, frogs, tortoises, or snakes wens knoAvu in rocks 
of such high antiquity. In the coal-fields of Europe mention lias 
been made of beetles, locusts, and a fcAV other insects, but no land- 
shells have even iioav been met with. Agassiz described in his great 
Avork on fossil fishes more than one hundred and fifty species of ich- 
thy elites from the coal-strata, ninety-four belonging to the families of 
shark and ray, and fifty-eight to the class of ganoids. Some of th(*s(* 
fish are very remote in their organization from any now living, espe- 
cially those of the family called Sanroid by Agassiz ; as Megalivh- 
tfi f/s, Ilofopff/c/iit/s, and others, AAdiich Avere often of great size, and all 
predaceous. Their osteology, says M. Agassiz,- reminds us in many 
respects of the skeletons of saurian reptiles, 
both by the close sutures of the bones of the 
skull, their large conical teeth striat(‘d longitu- 
dinally (see fig. 55().), the articulations of the 
spinous processes with the vertebne, and other 
olLaractcrs. Yet they do not form a family in- 
termediate between fish and reptiles, but are 
true Jish, though doubtless more highly or- 
ganized than any living fish.* 

The annexed figure represents a large tooth 
of th(j Hohptf/chitfs, found by Mr. Horner in the 
Caniiel coal of Fifeshire. This fish probably in- 
habited an estuary, like many of its contempo- 
raries, and frequented both rivers and the s('a. 

At length, in 1844, the first skeleton of a truci 
reptile was announced from the coal of Miinster- 
Appel in lihenisli Bavaria, by H. von Meyer, 
uinler the name of Ajtnteon pedestris^ the 
animal being supposed to bo ncarh'^ related to the salamanders. Three 
yc'ars lat(‘r, in 1847, Prof, von Declien found in the coal-field of 
Saarbriick, at the villagtj of Lebacli, between Strasburg and Treves, 
the skeletons of no less than three distinct species of air-breath- 
ing reptiles, Avhich Avcrc described by the late Prof. Goldfuss 
under the generic name of Archegosaurus. The ichthyolites and 
l)lanls found in the same strata left no doubt that these remains 
Ix'longed to the true coal period. The skulls, teeth, and the greater 
portions of the skeleton, nay, even a large part of the skin, of two 
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of these reptiles have been 
faithfully preserved in the 
centre of spheroidal con- 
cretions of clay-iron-stone. 
The largest of these lizards, 
Archegosaurtts Dccheni, 
must have been 3 feet (i 
inches long. Tlie annexed 
drawing represents llie 
skull and neck bones of 
the smallest of the three, 
of the natural size. Tliey 
wfTc considered by Gold- 
fuss as sauriaiis, but by 
Herman von Miyer as most 
nearly allied to the Lahy- 
rintliodon before mention- 
ed (p. 443.), and therefore, 
ns having many cliarnctcrs 
intermediate between ba- 
trachians and saurians. 
The remains of the extre- 
mities leave no doubt that 
they wcTC quadrupeds, 

“ j)rovided,” says Von 
Meyer, “ with hands and 
feet terminating in distinct 
toes ; but these limbs wen? weak, .serving only for swimming or 
The same anatomist has pointed out c('rtain points of 
analogy between their bojies and 
those of the Proteus angubitts ; anti 
Prof, Owen has observed that they 
make an approach to the P rote its in 
the shortness of their ribs. 'J'wo 
specimens of these ancient reptiles 
retain a large part of th(‘ outer 
skin, which consisted of long, nar- 
row wedge-shaped, tile -like, and horny scales, arranged in lows 
(see fig. 5o8.). 

Cheirotherian footprints in coni- measures, United States. — In 
1844, the very year when the Apateon or Salamander of the coal 
was first met with in the country between the Moselle and the 
Rhine, Dr. King published an account of the footprints of a large 
reptile discovered by him in North America. These occur in the 
coal-strata of Greensburg, in Westmoreland County, Pennsylvania ; 
and I had an opportunity of examining them in 1846. I was at onc(‘ 
convinced of theif genuineness, and declared iny conviction on that 

• Goldfuss, Neue Jenaische Lit. Zoit, 1848 ; and Von Meyer, Quart. Gool. 
Joum., vol. iv. Misccll. p. 51. 
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Imbricated rovering of skin of Archeno-. 
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point, on which doubts had been entertainod both in Europe and the 
United States. Tlie footmarks were first observed standing out in 
relief from the lower surface of slabs of sandstone, resting on thin 
layers of fine unctuous clay. I brought away one of these masses, 
wliich is represented in the accompany drawing (fig. 559.), It dis- 


Flg. 659, 



Scale one-iiilh the original. 

Slab of sandstone from the rnal-tn- asiircs of PeunsOv.mia. with footprints of 
air> breath I tig reptile and cast;, ut cracks. 


|)]ays, together with footprints, the casts of cracks («, a*) of various 
sizes. The origin of sucli cracks in clay, and casts of the same, has 
before been explained, and referred to the drying and shrinking of 
rnud, and the subsequent pouring of sand into open crevices. It will 
be seen that some of the cracks, as at 5, c, traverse the footprints, 
an produce distortion in them, as might have been expected, for the 
mud must have been soft when tho animal walked over it and left 
the impressions ; wherea.«, when it afterwards drted up and shrank, 
it would be too hard to receive such indentations. 

No less tlian twenty-three footsteps were observed by Dr. King in 
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llio same quarry before it was abamloned, the greater part of them 
so arranged (see fig. 560.) on the surface of one stratum as to imply 


Fiff 5fk). 



Series of roptiliiiii fuutprfnts in the cnal-strata of Westmoreland 
County, Pennsylvania. 
a. Mark of nail ? 


that they were made successively by the same animal. Everywhere 
there was a double row of tracks, and in each row they occur in 
]>air 3 , each pair consisting of a hind and fore foot, and each being at 
nearly equal distances from the next pair. In each parallel row the 
!(h*s turn the one set to the rights the other to the left. In tho 
European Cheirotherium, before mentioned (p. 441.), both the Jiind 
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and the fore feet have eaeh five Iocs, and the size of the hind foot is 
about five limes as larfrc as the fore foot. In the Americiin fossil 
the post(‘rior footprint is not even twice as large as the anterior, 
and the numbin* of toes is unequal, being five in tlie liinder and four 
in tlie anterior foot. In this, as in the European Cheirotherium, one 
toe stands out like a thumb, and these thumb-like toes turn the one 
set to the right, and the other to the left. The American Cheiro- 
thcriiim was evidently a broader animal, and belonged to a distinct 
genus from that of the triassic age in Europe*.* 

We may assume that the reptile which left these prints on the 
ancient sands of the coal-measures was an air-breather, because its 
weight would not have been sutficient under water to liave made 
impn'ssions so deep and distinct. The same conclusion is also borne 
out by the casts of tlie cracks above dciseribed, for they show that 
the clay had b(‘en exposed to the air and sun, so as to have dried and 
shrunk. 

TIkj geological position of the sandstone of Grcensburg is perfectly 
clear, being situated in the midst of the Ajipalachian coal-field, 
having the main bed of coal, called the Pittsburg seam, above men- 
tioned (p. ^98.), 3 yards thick, 100 feet above it, and worked in the 
n(*ighbourliood, with several other seams of coal at lower l(*v(‘Is. 
The impressions of Lepidodendrtm^ Siffillaria, Stigmaria^ and other 
(diaractiiristic carboniterous plants are found both above and below 
the level of the r(*])tilian footsteps. 

Analogous footprinis of a large reptile of still older date were 
afterwards found (1819) at Pottsville, 70 mih'sN.E. of Philadelphia, 
by IMr. Isaac Lea, in a formation of red shales, called No. XI. by 
Prof. H. D. llogers, in the State Survey of Pennsylvania, and re- 
ferred by him to tlie base of the? coal, but rc*garded by some geolo- 
gists as the up])ermost part of the Old lied Saiukstone. A thiekiu'ss 
of 1700 feet of strata intervenes between the footprints of Greens- 
burg, before described, and these older Pottsville impressions. In 
tlie same lied Shale, No. XL, the “ debatcable grouml ” betwei’ii 
the Carboniferous and Devonian group, Prof, II. D. llogers an- 
nounced in 1851 that he had discovered other footprints, referred 
by him to three species of quadrupeds, all of them live-toed and in 
double rows, with an op})osite symmetry, as if made by right and 
left feet, Avhile they likewise display the alternation of fore foot and 
hind foot. One siiecics, the large t of the three, presents a diameter 
for each footprint of about two inches, and shows the fore and hind 
feet to be nearly equal in dimensions. It exhibits a length of stride 
of about nine inches, and a breadth between the right and left foot- 
steps of nearly four inches. The impressions of the hind feet are but 
little ill the rear of the fore feet. The animal which made them is 
supposed to have been allied to a Saurian, rather than to a Batra- 
chian or Chelonian. With these footmarks were seen shrinkage 
cracks, such as arc caused by the sun’s heat in mud, an<f rain-spots, 
with the signs of the trickling of water on a wet, sandy beach ; all 
* See LycU's Second Visit, &c., vol, ii. p. 305. 
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confirminf^ the conclusion derived from the footprints, that the 
(piadrupeds belonged to iiir-breathcTs, and not to aquatic races. 

Iji 1852 the first osseous remains of a reptile were obtained from 
I he coal-measures of America by Dr. Dawson and myself. We de- 
tected them in the interior of one of the erect Sigillariac before al- 
luded to as of such frequent occurrence in Nova Scotia. The tree 
was about 2 feet in diameter, and consisted, as usual, of an external 
cylinder of bark, converted into coal, and an internal stony axis of 
black sandstone, or rather mud and sand stained black by carbon- 
aceous matter, and cemented together with fragimnits of wood into 
a rock. These fragments werij in the state of charcoal, and seem to 
have fallen, to the bottom of the hollow tree while it w'^as rotting 
aAvay. Tin; skull, jaws, and vertebrae of a reptile, probably about 
2}j feet in length {Dejidrerpeton Acadinnutn^ Owen), were seattert'd 
ibroiigh this stony matrix. The shell, also, of a Pupa (see fig. 561. 
j). 508.), the first land-shell ever met with in the coal or in beds 
oldor than the tcTtiary, was observed in the same stony mass. Dr. 
W^ nia,!! of lloston pronounced the reptile to be allied in structure 
to Meiiohranchtts and MenopomUy species of batra(*hians, no'w in- 
habiting the North American rivers. The same view was after- 
wards confirmed by Professor Owen, who also pointed out tlu^ 
r(‘seml)lance of the cranial plants to those seen in the skull of 
Archegosnin ns and LahyrinthodonJ^ Whether* the creature bad 
crei>t into the hollow tree while its top was still open to the air, or 
wdiethcr it was washed in with mud during a flood, or in whatever 
other manner it entered, must be matter of conjecture. 

Footprints of two reptih's of different sizes had pn'viously been 
()bs(‘rv<'d by Dr. Hanling and Dr. Oesner on ripple-marked flags of 
the lower coal-measures in Nova Scotia, evidently made by quadru- 
peds walking on the ancient beach, or out of the wal(‘r, just as the 
recent Mcmoponia is sometimes observed to do. 

The r(‘jnaius of a second and smaller species of Dendrerpeton, D. 
Oweni^ were also found accompanying the larger one, and still re- 
taining some of its dermal appendages ; and in the sjime tree wen? the 
bones of a third small lizard-like reptile, Hylonomus Lyclli^ 7 inches 
long, with stout hind limbs, and fore limbs comparatively slemhT, sup- 
poscMl by Dr. Dawson to be ca])ableof walking and running on hind.f 

In 1854, Prof. Owen described a ‘‘sauroid batrachian ’’ {Baphetes 
planicep8\ of the Lahyrinthodon family, obtained by Dr. Dawson 
from the coal of Pictou in Nova Scotia. In 1859, another species of 
Ilylonomus, twice sis large as tluit above mentioned, was met with ; 
and another reptile of the same family, but distinct genus, was ob- 
tained by Dr. Dawson, named by Owen Ilylcrpeton, Lastly, in 
1862, Mr. Marsh discovered in the coal-measures of the South 
Joggins in Nova Scotia, two large caudal biconcave vertebrae, 
fc^upposed at first to belong to an Enaliosor^ and called Eosaurus 

* Geol. Quart. Joum., vol. ix. p. oS. 

t Dawson, Air-Breathers of the Coai in Nova Scotia. Montreal, 1863. 
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Acndiams, but which, Mr. Huxley suggests, may probably be re- 
ferable to a hibyrinlliodont batrachian. 

Professor Owen had announced the first finding of fossil reptilian 
reniMius in llritish coal-measures in 1853. ^'hey were referred to a 
new genus of Batrachoids allied to Archegosfturus, and called Pnra^ 
hatrachns. In 1802, a large, new labyrinthodont reptile, Loxomma, 
from the Edinburgh coal-field, was described by Prof. Jlnxlcy, to- 
gether with a second, from the same series of strata, of another new 
genus, called Pholiilogaster, a specimen of which, containing the 
head and nearly the whole vertebral column, measured 44 inches in 
length. In the same year a third genus, denominated Anthracosanrns^ 
was founded by the same anatomist on a specimmi deteoted by Mr. 
Russell in the Airdrie “ black-band” ironstone of the Glasgow coal- 
field. 'I'his bibyrinthodont was about 7 feet long, and the skull 15 
inches in length ; tliirty-seven teeth were pvfservcd in its jaws, and 
its vertebraB were highly ossified, so as to rc»eniblc those of the 
Triassic labyrinthodonts of the Mastodonsaiirian ty])e, whereas 
Pholidogaster is supposed by Huxley to be more allied to the 
Archegosaiirian division of labyrinthodonts.* Thus, in nineteen 
years, the sk(*l(‘tons or boiu's of twelve or more species of n^ptiles 
referred to nine genera have been exhumed from ilie coal-measures, 
to say nothing of footprints, some of tlumi, like that r(‘pr(*’sented at 
fig. 559 , seeming to differ from all those to which any of the known 
bones can belong. 

A single species of land-shell, Pnpa vetustOy Dawson, see fig. 561., 


Fig. 501 . 



a. Pupa vettts/a, Dfiwinn. Nat size. c. surface strife, of the recent EiigliUi 
h. thf s.iiiK', 111 igiiificd. junipeti lur comparison, inaKnlhed M) 

r, \ lew of tin* ilrprpsseil .ipex. diani. 

d. surf.u:e bliiic, inngiiifled 50 d lam. /. microscopic structure of the shell, showing 

hexagonal cells, magnlfled . 5 (M>diam. 

WHS mentioned as having been found, in 1852, in the interior of an 
erect fossil Sigillaria in Nova Scotia, p. 507. Dr. Dawson has since 
discovered another bed at a much lower level, in wbic^h the same 
* Huxley, Quart. Gcol. Joiirn., 1862, 1863. 
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slicll is very abundant, a bed separated from the tree containin 
Deiidrerpeton by a mass of strata 1217 feet thick, and eomprisin 
21 seams of coal. Tliis lower bod is an underelay 7 feet thick, with 
stif^marian rootlets, and the small land-shells oceiirrin;? jn it are in 
all stages of growth. They are chiefly conliiied to a layer about 2 
inches thick, and are unrnixed with any aquatic shells. Tliey were 
all originally entire when embedded, but are most of them now 
crushed, flattened, and distorted by pressure ; they must have been 
accinnulated, says Dr. Dawson, in mud deposited in a pond or cr(*ek.* 
The late IVof. Quekelt, to whom I submitted the first specimen 
found in 1852 for microscopical examination, observed that the 
surface striie, on being magnified 50 diameters, d, fig. 561., pre- 
sented exactly the same appearance as a portion corresponding in 
size of the common English Pupa juniperi{e^ fig. 561.), and a cross- 
section of the fossil shell ( /J ibid.) presents the hexagonal cells mag- 
nified 500 diameters, so like those of the recent Pupa that a figure 
of tlie latter is unnccessary.'l’ 

In a second specimen of an erect stump of a hollow trei* 15 inches 
in diameter, the ribbed bark of which showed that it was a Sigillaria, 
and wliieh belonged to the same forest as the specimen examined by 
us in 1852, Dr. Dawson obtained not only fifty sj)ecimens of l^upn 
vpjusta and nine skeletons of reptiles belonging to four species, but 
al><) several examples of an articulated animal resembling the recent 
centipede or gally-worm, a cr(*ature which feeds on decay(‘d vegetable 
matter, see fig. 562. Under the microscope, the head, with the eyes, 

Fig. .502. 



Xiflobius Stgillaritv, D.’iwson. Co.iI. Nov.i Srnti.i. 
a. n.it. size. b. autcriur p.irt, magiiitted. c. caudal extremity, mngniiicd, 

mandible, and labrnm are well seen. It is interesting, as being the 
earliest known reprc.seiitative of the myriapods, none of which liad. 
])rcviously been met with in rocks older than the oolite or litho- 
graphic slate of Germany. 

Rarity of Vertebrate and Invertebrate Air-breathers In CoaL 

Before the earliest date above mentioned (1844) it was common to 
hear geologists insisting on the non-existence of vertebrate animals 
of a higheP'grade than fishes in the Coal, or in any rocks' older than 


• Dawson, Air-Breathers of the Ccal. 
t Quart. Geol. Jouni., 1853, vol. ix. p. 58. 
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the Permian. Even jjow, it may be said, that we have made very 
little |)rogr(‘s.s in obtaining a knowledge of tlie terrestrial fauna of 
the coal, since the reptiles above enumerated seem to have been 
almost all amphibious. Negative evidence should have its due 
weight in pahcontological reasonings and speculations, but we are as 
yet quite unable to appreciate its value. In the United States, about 
live millions of tons of coal are annually extracted from the coal- 
nu'asures, yet I am acquainted with no fossil insect which has yet 
been met with in the carboniferous rocks of North America. But, 
ns we have detected carboniferous insects in Europe (see p. 491.), no 
one would now conclude that at the period of the Coal this class of 
i liver tebruta was unrepresented in the forests of the Western World. 
Ill like manner, no land-shell, no Helix, Buliinus, Pupa, or Clausilia, 
nor anyaipiatic pulmoniferous mollusk, such as Limnea or Planorbis, 
is recorded to have come from the coal .of Europe, woi ked for cen- 
turies before America was discovered, and now quarried on so 
enormous a scale. But no one would now infer that land-shells had 
not been called into existence in European latitudes until after the 
Carboniferous period. 

The theory of progressive development might account [dausihly 
for the absence of Chelonian and Saurian reptiles, or of Birds and 
Mammals, from the Coal-Measures, because it may be siqiposed tliai 
at so early a stage in the earth’s history no organic beings higher 
than sauroid hatraehians had made their appearance. But this 
•same theory leaves the scarcity of the invertebrata, or even the 
entire absence of many important sections of them, wholly uncx- 
]>l.iined. When we generalize on this subject, we must no! forget 
that, so lately as the year we knew of only two or three 

individual land-shells and some twenty specimens of insijcts, and 
scarcely double that number of individual reptiles in carboniferous 
rocks, and somij of these reptiles had been recognized by the evidence 
of footprints only. Wc have still but one sp(*cies of land-shell and 
one cmidpede. In regard to Archegosaurus, of Avhich there are two 
sficcies, M. Hiirman von Meyer infoiined rne some years ago that 
the remains of more than 228 individuals passed through his hands 
soon after the true nature of the first sjiecimen was recognized ; 
and we have seen what great progress has since been made in bring- 
ing to light reptilian genera less aquatic in their organization. 
Nevertheless, the rarity of air-breathers is still a very rcmarkahle 
fact, when we reflect that our opportunities of examining strata 
formed in close connection with ancient land exceed in this case all 
that we enjoy in regard to any other formations, whether primary, 
secondary, or tertiary. We have ransacked hundreds of soils replete 
with the fossil roots of trees — have dug out hundreds of erect trunks 
and stumps, which stood in the position in which they grew — have 
broken up myriads of cul)ic feet of fuel still retaining its vegetable 
strueture — and, after all, we continue almost as much in the dark 
respecting the invertebrate air-])reathers of this e^och, as if the Coal 
had been thrown down in mid-oceaiu The early date of the car- 
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boniromus strata cannot explain the enigma, l)ecause wc know that 
Avhile the land supported a luxuriant ve.ijetation, the contemporaneous 
seas swarmed with life — with Articulata, Mollusea, Radiata, and 
Fislies. Wo must, therefore, collect nioi-cj facts, if we expect to 
solve a problem which, in thc5 present state of science, cannot but 
excite our wonder ; jind we must remember how much the conditions 
of this problem have varied within the last twenty years. We must 
be content to impute tlie scantiness of our data and our present 
perpl(*xity partly to our want of diligence as colh ctors, and partly 
to our want of skill as interpreters. We must also confess that our 
ignorance is jrnMit of the laws which govern the fossilization of land- 
animals, whethcT of high or low degree. 

CATinONIFEKOUS OR MOUNTAIN LIMESTONE. 

It has bi‘(*n already stated (p. 4(U.), that this formal ion underlies 
the Coal-Measures in the South of England and Wales, whereas in 
t!ie ^sorlh and in Scotland marine limestones alternate with Coal- 
Mi‘asiires, or with shales and sandstones, sometiimis emitaiiiing seams 
of (’nal. In its most calcareous form the Mountain Limehtom* is 
destitute of huid-plaiils, aud is loaded with marine remains — the 
greater part, indeed, of the rock being made up bodily ot‘ corals and 
erinoi<ls. 

'riie Corals deserve especial notice, as the cup and star corals, 
which have; the most massive and stony skeletons, disjday ])(‘CLiliari- 
ties of structure by wbicli they may be distinguished, as MM. Mihu‘ 
ICd wards and llaime tirst point(‘d out, from all species found in 
.strata newer than tlui Permian. There is, in short, an ancient or 
J^alicozoic^ and a modern or Neozoic tyj)e, if, by the latter term, we 
(le.’ignate (as pro])osed by Prof. E. Forbes) all strata from the 
triassic to the most modern, inclusive. Tli(Mic(;oinpanying (Iiagram.s 
(llg>, o()3, 5()4.) may illustrate these tyj)es ; and, although it may 
not always he easy for any but a praeti.sed naturalist to recognize 
the points of structure here described, every geologist should umler- 
stand them, as the reality of the distinction is of no small theoretical 
int(‘rest. 

It will be seen that the more ancient corals have what is called a 


rig. :iC3. 


ViUtcoxoir. t) pe of lamellirerous Cfirnl. Order Zoasth vkia iirr.osA, Milne Kdwards and 

Juitiii Hrtiiiu*. 



a. Veitical s<Mfii>n nf Cauquiphi/llutn jU'.rtn sum (Cyathnphi/t^ 

Inm, GoMIu'R) , A n.it M/e. lr«n<i the l)e\ (iiii.ni ot the 
I'llel. The .ire ‘‘eeii .iiiMiinl ilie iiioide ol the 

cup ; the Hali^ consist ot celiul.«r ti'siie ; .md larne 
transverse plates, called Itilm/u’.iiA ide the ilitei lor into 
ch.inihers. 

b. Arrangement of the iii J‘<i/i/ca iia profunda, Oir- 

iiiar, sp. , ii.it M/I': Horn llie :\l.ii{iU'Niaii I.iiii •^to^< . 
i)iirliiim. 'J'his di.iiti.iin slows tin* ijii.idrip.irtiie .tr- 
ranpeiiieiit of the lami'lla' t haiMelei |^t■L■ ol |).ila' 0 /(i:c 
corals, tlieie being 4 principal and K intiTiTiedi.iie l.i- 
iiicl'a* the hole niiiiihei in this tipu hiiiig ulwajs .1 
iiiiiltiple ei loin . 

c Stauria ash ic.rJ'ot tuts, Milne Kilwards. Young group, n.it 
M 7 I*. I ppi-r .'"ilun II. (lOtlilaiid 'I'he lainelia* 111 eai li 
cup UP. dll idl'd In 1 piuniiiK'ut ridges into 4 groups 
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Fig. bG4, 


.AVozokt t 3 ’pe of lamclliferous cup-sliapcd Coral. Order Zoanth^ria aporos.\, M. Kdwardsand 

J. ilaiiiie. 



a. Parasmtfia centrnlU. Mantcll, sp. Vertical section, nat. size. 

I'Pper Chalk. GiMvcsciui. In this t\pc the Uittullu’ .ire mas- 
Hi\c, .iiid exit nd to the axis of loose cellular tissue, without any 
tiaiisverse plates like those in tig. .'iG3 a. 

b. CytUhiiut fiWr/ 6/inft/t, Kdwnrds .iiid llaimc. Transverse section, 

enlarged. Gault, Folkestone. In tlll^ coial the latnelltc i\ 
multiple of six. The twelve principal jilutes reach the central 
axis or columella, and between each pair theie are three se- 
condary plates, in all forty-eight. The short intermediate plnte.s 
which proceed from the eoluinella are not counted. They arc 
( ailed palt 

c. Funiiut p/r/c/Mm, Lamk. Recent: very young Mite. Diagram 

oi its SIX principal and six niterinediaie 'septa, magnified. Tlic 
sextuple arrangement is always more nianifebt iii the }Oung 
than in the adult state. 


quadripartite arrangement of tlie stony plates or lamellce — parts of 
the skehiton which support the organs of reproduction. 'JIuMiuniher 
of these himellm in the palajozoic type is 4, 8, Ki, &c-; while in tin* 
newer typ (3 the number is always 6, 12, 24, or some otjicr multiple 
of six ; and this holds good, whether they be sinip.hi cup-like forrn.s, 
as in figs. .563. a and .564. a, or aggregate clusters of cups, as in 
564. c. 

It is not enough, therefore, to say that the primary or more an- 
cient corals are generically and s]>ecifically dissimilar from the 
secondary, tertiary, and living corals, — for, more than this, all the 
moftt conspicuous forms, viz., the cup and star corals, belong, as be- 
fore mentioned (p. 511.), to a distinct order, although they are oftem 
so like ill outward form as to have been referred in many cas(.‘s to 
living re(*f-biiilding genera. Hence we must not too confidently draw 
conclusions from the modern to the palaeozoic polyps, respecting cli- 
mate and the temperature of th(5 waters of the primeval s(‘as, inu.> 
much a.s the two groups of zoophytes are constructed on essentially 
dificrent types. When the great number of the palaeozoic and 
neozoic species is taken into account, it is truly wonderful to find 


Fig. Oiiri. Fig. S6G. 



Lifhosti ntinn hasailtfnrme^ Pliil. sp. i lA- 
ihn^trotutn St! nvv Fleming; Ashaa 
hasaltifonnut. Comb, .uni Fhill. ) Keii- 
it.il ; Ircliiiiii ; Ituo'si.'i ; Iowa, arid west- 
w.irtl of thu MiSbisaippi, United States. 
fD. U. Owen.) 


Lonsdaleia Jbfr^rmis /Martin, sp.). 
M. Kdw'ards. ( fAtkostrotionflor\forine, 
P'ltiining. Stromhudea.) 

a. young specimen, with buda on the 

dfitk. 

b, part of a fiill-gr.'iwn compound mas.s. 

Bristol, £tc. i Kubsia. 
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liow constant the rule above explained holds good ; only one excep- 
tion having as yet occurred of a quadripartite coral in a neozoic 
formation (tJie cretaceous), and one only of the sextuple class (a 
Fuiigia?) in palajozoic (Silurian) rocks. 

From a great number of lamcllifcrous corals met with in the 
Mountain Limestone, two species have been selected, as having a 
very wide range, extending from the eastern borders of Russin 
to the British Isles, and being found almost everywhere in each 
country. 

These fossils, together with numerous species of Zaphreniis^ Am- 
plexus, Cyathophyllum^ Clisiophyllum^ Syringopora, and Miche- 
linea*, form a group widely different from any that prec( 3 ded or 
followed them. 

Of the Bryozoa^ the prevailing forms are Fenestella and Polyporn, 
and these often form considerable beds. Their net-like fronds are 
easily recognized. 

Crinoidea are also numerous in the Mountain Limestone. (See 
figs. 567, 568.) 


Fig. flG7. 


Cyuthon mites planus. 
Miller. Body and 
arms. Mount.'tiii 
Liincstonu. 


Fig. 5CH. 



Cyatliud mus caryncrinonies, MTox 

a. surface of one of the joints of tlic stiMii 

b. pelvis or body ; calleii also calyx or cup 

c. one of the pelvic plates. 



In the greater part of them, the cup or pelvis, fig. 56S. 5, is 
greatly developc'd in size in proportion to the arms, although tliis i^ 
not the case in fig. 567. The genera Poteriocrinus, Cyathocrinm, 
J^entremites, AntinocririuSy and Platycrimis are all of them charac- 
tiTistic of this formation. Other Echinoderms aie rare, a few Sea- 
Urchins only being known ; these have a complex structure, with 
many more plates on their surface than are scon in the modern 
genera of the same group. One genus, the Palmhimis (fig. 569.), 
is the analogue of the modern Echinus, The otlK*r, Archoiocidaris, 
represents, in like manner, the Cidaris of the present seas. 

Of Mollusca the JBrachiopoda (or Palliobranchiates) constitute the 
larger part, and are not only numerous, but often of large size. 
Perhaps the most characteristic shells of the formation are large 

* For figures of these corals, sec Palaiontograpliical Society’s Monographs, 18 j 2 , 
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species of Productus^ such as P, giganteus^ P, hemispharicus^ P, 
semireticulatus (fig. ijlO.\fin^P, scahriculus. Large plaited spirifers , 


Fir. ftG9. 



Polccchinvs Qigas, M‘Coy. Iteduccd. 
Mountain Limcatune. 

Ireland. 


Fig. WO. 



Productm smtireticuiahts, Martin, aj». 
(/\ anttquatus. Sour.) Mountain 
Limestone. England ; Russia ; the 
Andes, &r. 


:is Spirifer striatus, S. rotundatus^ and 5. frigonalis (fig. 571.), also 
abound ; and smooth species, such as Spirifer ylaher (fig. 572.) witli 
its numerous varieties. 


Fig Wl. 


Fig. W2. 




The family of the brachiopoda to which these shells btdong, is 
far more numerously represented in these carboniferous rocks than iii 
the secondary formations described in former chapters ; individually, 
as Professor Ramsay has observed*, they may outnumber the lamel- 
li branchiate mollusks, although the species of carboniferous lamelli- 
braiichiate more than double the contemporary brachiopoda. TIk' 
increasing number of the last-mentioned group among the bivalve 
mollusca, both in genera, species, and individuals, will be found to 
be a marked feature in the fauna of the primary rocks the lower we 
descend in the seriiis. 

Among the brachiopoda or pal iobranchiatc mollusks, Terehratula 
hastuta deserves mention, not only for its wide range, but because it 
often retains the pattern of the original coloured stripes which 
ornamented the living shell. (See fig. 573.) These coloured bands 
are also preserved in several larocllibrauchiate bivalves, as in 
Aviculopecten (fig. 574.), in which dark stripes alternate with a 
light ground. In some also of the spiral univalves, the pattern of 
the original painting is distinctly retained, as in Pleurotomaria (fig. 
575.), which displays wavy blotches, resembling the colouring in 
many recent Trochidse. 

* Gcol. Quart. Journ., p. 41., 1864. 
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Tn chrntiiJa /lastata, 
with railiatiiif; 
hands of colour. 
Mountain I<imc* 
stone. Dfrhysinre ; 
Ireland; Rubbia,&c. 


Fip. 574 . 



Jvicvloprcten suhlobatus^ 
Pliill. Mountain Lime- 
stone. Derbyshire ; 
Yorkshire. 


Fig. 575. 



Pleurotomarta carinafa. Sow. 

{P.JtuMinifrera, I'hill.) 
Mountain Limestone. Derby- 
shire, &C'. 


The mere fact that shells of such high antiquity should have 
preserved the patterns of their colouring is striking and unexpected ; 
hut Professor E. Forbes has deduced from it an important geological 
conclusion. lie infers that the depth of the primeval seas in which 
the iMouiilain Limestone was formed did not exceed 50 fathojus. 
To this opinion he is led by observing that in the existing seas the 
lestficea which have colours and well-defined patterns rarely inhabit 
greater depths than 50 fathoms ; and the greater numbcT are found 
when^ there is most light in very shallow water, not more than two 
fathoms deep. There ar(i ev(m examples in the British seas of tes- 
tae<‘ii which are always white or colourless when taken from below 
100 fathoms ; and yet individuals of the same species, if taken from 
shallower zones, arc vividly striped or banded. 

Tliis information, derived from the colour of the shells, is the 


Fig. 570. 



Euomphalus peniagufatus, Sowerby. Mountain Liineitone. 

a. upper side ; b lower, or iiinbllicat side ; c. -view showing mouth, which 
is leas penbigonal In older individuals ; d, view of polished sectiou, 
showing internal chambers. 
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more welcome, because the Radiata, Articulata, and Mollusca of the 
Carl>oniferous period belong almost entirely to genera no longer 
found in the living creation, and respecting the habits of which \vc 
can only hazard conjectures. 

Some few of the carboniferous mollusca, such as Avicnla^ Nucvla^ 
Solcmya, and Lithodotnus^ belong no doubt to existing genera ; but 
the majority, thougli often referred to living types, such as Isocardia, 
Tiirritelln, and Buccinum^ belong really to forms which appear to 
IniA e become extinct at the close of the Pnlceozoic epoch. Euom- 
phahts is a characteristic univalve shell of this period. In the 
interior it is often divided into chambers (fig. 576. rf), the septa or 
pai titions not being perforated as in foraminiferous shells, or in tliosi* 
liaving siphuncles, like the Nautilus. The animal appeal's to have 
retre;ited at dilFerent periods of its growth from the internal cavity 
previously formed, and to have closed all coni- 
Fig. 577. m unication with it by a septum. The number of 

chambers is irregular, and the^ are generally 
wanting in the innermost whorl. The animal of 
the recent Turritella communis partitions off in 
like manner as it advances in age a part of its 
spire, forming a shelly septum. 

Nearly twenty species of the genus Bellero- 
phon (see fig. 577.)» ^^hell without chambers like 
Mountain Liincbtono. the living Argonuut, occur in the Mountain Lime- 
stone. The genus is not met with in strata of 
Ijiler date. It is most generally regarded as belonging to the. 
ITeteropodn^ and allied to the Glass-Shell, Carinaria ; but by some 
few it is thought to be a simple form of Cephaloj)od. 

The carboniferous Cephalopoda do not depart so widely from the 
living type (the Nautilus) as do the more ancient Silurian repre- 
sentatives of the same order ; yet they offer some remarkable forms 
scarcely known in strata newer than the coal. Airtong these is 
Orthnccras, a siphuncled and chambered shell, like a NautUus un- 
coiled and straightened (fig. 578.). Some species of this genus arc 


Fip .)7S. 



rortion of Onhuccntit lataulc^ Phillips. Mountain Limestone. 

several feet long. The Coniu*ite is another genus, nearly allied to 
the Ammonite^ from which it difiers in having the lobes of the septa 
free from lateral denticulatious, or creiiatures ; so that the outline of 
tliese is continuous and uninterrupted. 

The species represented in fig. 579. is found in almost all localities, 
and presents the zigzag character of the septal lobes in perfection. 

In another species (fig. 580.), the septa are but slightly waved. 
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Gonialitt's Phill. Moiinuun 

Liiiiesloiie. N. America ; Britain , 
CJorinany, &c. 

a. lateral view. 

b. Iroiit view, showing the mouth. 


Fig. 580. 



Gonmutea cvolutus^ Phillips. 
Mountain I.niu‘»touc*. 
Yorkshire. 


aiifl SO approach nearer to the form of those of the Nautilus. Tlie 
dorsal position of the siphuneJe, however, clearly distinguishes the 
Goniatite from the Nautilus, and proves it to have belonged to the 
family of the Ammonites, from which, indeed, some authors do not 
believe it to be generically distinct. 

Fossil fish , — The distribution of these is singularly partial ; so 
much so, that M. do Koninck of Liege, the eminent palaeontologist, 
once stated to me that, in making his extensive collection of the fossils 
of the IVIountain Limestone of Belgium, he had found no more than 
lour or five examples of the bones or teeth of fishns. Judging from 
Belgian data, he might have concluded that this class of vertebrala 
was of extreme rarity in the carboniferous seas; whereas the in- 
vestigation of other countries has led to quite a different result. 
'Flius, near Clifton, on th(i Avon, there is a celebrated “ bonc-b(Ml,’* 
almost entirely made np of ichthyolites ; and the same may be said 
of the “fish-beds” of Armagh, in Ireland. They consist chiefly 
of tlie teeth of fishes of the Placoid order, nearly all of tliem l olled 
as if drifted from a di.'^taiice. Some teeth are sharp and poiiiti'd, as 
in ordinary sharks, of whieh the genua Cladodns affords an illustra- 
tion ; but the majority, as in Psammodus and Cochliodus, are, like 
the teeth of the Cestracion of Port Jackson (see above, fig. 322., 
}). 32S.), massive palatal teeth fitted for grinding. (See figs*. oSl, 
d82.). 

Fig, flSl. Fig. 



l^mmmodua poroSuSt AgasK. Bone-bpd, Mountain Corhfiodvs contortus^ Agass. Bonp-licd, 
Llmcbtunc. Bristol ; Armagh. Mountain Limestone. UribtuI , Ai- 

magh. 


There are upwards of seventy other species of fossil fish known in 
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the Mountain Limestone of the British Islands. Tho defensive hn- 
boncs of these creatures are not unfrequent at Armagh and Bi’istol ; 
those known as Oracanthus are often of a very large size. Ganoid 
lish, sucli as Holoptychius, also occur ; but these are far less nume- 
rous. The great Megalichthys Hihberti appears to range from the 
Upper Coal-measures to the lowest Carboniferous strata. 

Foraminifera. — In the upper part of the Mountain Limestone 
group in tlie S.W. of England, near Bristol, limestones having a 
distinct oolitic structure alternate with shales. In these rocks the 
nucleus of every minute spherule is seen, under the microscope, to 
consist of a small rhizopod or foraminifer. This division of th(‘ 
lower animals, which is represented so fully at later epochs by tin* 
Nummulites and their numerous minute allies, 
iig. 5 h:j. appears in the Mountain Limestone to be restricted 


Fusulina cylindrical 
D’Orb. 


M.ignitied iliain. 


Mouiit:iin Limestone. 


to a very few species, among which Tea'tularia, 
Nodosaria, Fndbthyray and Fusulina (fig. 583.), 
have been recognized. The first two genera arc 
common to this and all the after periods ; the third 
has been found in the Upper Silurian, but is not 


known above the Carboniferous strata ; tho fourth (fig. 583.) is 
peculiar to the Mountain Limestone, and is characteristic of the 
formation in the United States, Arctic America, Russia, and Asia 


Minor. 


STRATA CONTEMPOUANKOUS WITH THE MOUNTAIN LIMESTONE. 


In countries wdiere limestone does not form tho principal part 
of the Lower Carboniferous series, this formation assumes a very 
difiTerent character, as in the Rhenish Provinces of Prussia, and in 
tlie llartz. The slates and sandstones called Kicsel-schieler and 
Younger Greywacke (Jungere Grauwacke) by the Germans, were 
formerly referred to the Devonian group, but are now ascertained to 
belong to the “ Lower Cjirboniferous.” The prevailing shell which 
(diaracterizes the carbonaceous schists of this series, both on the 
(continent and in England, is Posidonomya Becheri (fig. 584.). Some 


Fig. 584. 



Posidonirmya Bcchcri, Gold. 
Syii. Esthena Bechcri . . 
Lower Carboniferous. 


well-known mountain-limestone spe- 
cies, such as Goniatites crenistriu 
(sec fig. 579.) and G. reticula tus^ also 
occur in the llartz. In the associated 
sandstones of the same region, fossil 
plants, such as Lepidodendron and 
the allied genus Saycnaria^ are com- 
mon ; also Knorria, CaUimites Suck- 
ovii, and C. transitionis, Gbpp., some 
peculiar, others specifically identical 
with ordinary coal-measure fossils. 


The true geological position of these rocks in the llartz was first 
determined by MM. Murchison and Sedgwick in 1840.* 


* Trans., Geol. Soc. London, Second Series, vol. vi. p. 22S. 
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CARBONIFEROUS LIMESTONE IN NORTH AMERICA. 

The coal-measures of Nova Scotia have been described page 482. 
The lower division contains, besides large stratified masses of gypsum, 
some bands of marine limestone almost entirely made up of encri- 
nites, and, in some places, containing shells of genera common to 
the mountain limestone of Europe. 

In the United States the carboniferous limestone underlies tlie 
productive coal-measures ; and, although very inconspicuous on the 
margin of the Alleghany or Great Appalachian coal-field in Penn- 
sylvania,^ it expands in Virginia and Tenessee. Its still greater 
extent and importance in the Western or Mississippi coal-fields, in 
Kentucky, Indiana, Iowa, Missouri, and other western states, has 
been well shown by Dr. D. Dale Owen. In those rc^gioiis * it is about 
400 feet thick, and abounds, as in Europe, in shells of the genera. 
Productus and Sjjirifer, with Pentrejnites^ and other crinoids and 
corals. Among the latter, lAthostrotion basaltiforme or striattna 
(fig. 565. p. 512.), or a closely-allied species is common. 

^ Owen’s Gcol. Survey of Wisconsin, Ac. I85‘i 
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CHAPTER XXVI. 

OLD RED SANDSTONE, OR DEVONIAN GROUP. 

Old Red Sandstone of the Borders of Wales — Of Scotland and the South of Ire- 
land— Fossil Devonian plants at Kilkenny — Holoptychius of the Middle and 
Cephalaspis of the Lower Old Red of Forfarshire — Pterygotua and supposed 
eggs of Crustaceans — Northern type of Old Red iij Scotland — Glassification of 
the Ichthyolites of the Old Red, and their relation to living types— Distinct 
lithological type of Old Red in Devon and Cornwall — Term lievonian — Organic 
remains of intermediate character between those of the Carboniferous and 
Silurian systems — Devonian series of England and the Continent - Upper 
Devonian rocks and fossils — Middle — Lower — Old Red Sandstone of Russia — 
Preponderance* of Brachiopoda — Devonian Strata of the United States and 
Canada — Coral reefs at the falls of the Ohio — Gaspc Sandstone — Vegetation of 
the Devonian period. 

It has been already shown in the section (p. 429.), that tlic car- 
boniferous strata aro surmounted by a aystmn called “ The New 
Ued,” mid underlaid by iiiiolher termed the “ Old Red Sandstone.” 
The last-mentioned group acquired this name because in Hereford- 
shire and Scotland, where it was originally studied, it consisted 
chiefly of red sandstone, shale, and coiiglomeriite. It was afterwards 
termed ‘‘ Devonian,” for reasons which will bo explained in the 
sequel. For many years it wjis regarded as very barren of organic, 
remains ; and such is undoubtedly its character, over very wide 
ar(?as where calcareous matter is wanting, and where its colour is 
determined by the red oxide of iron. 

Old lied^^ in Herefordshire^ &c. — In Herefordshire, Worcester- 
shire, Shropshire, and South Wales, this formation attains a great 
tliickncss, sometimes between 8000 and 10,000 feet. In these re- 
gions it has been subdivided into 
1st. Conglomerate- 

2ndly. Browustonc series — chiefly reddish-green and brown sand- 
stones, with large Eurypterus, 

3rdly. Marl and Conistonc — red and green argillaceous spotted 
marls, with irreguhar courses of impure concretionary limestone, 
proviiicially called Conistonc, and some beds of white sandstone. 
In the cornstones, and in those flagstones and marls through which 
calcareous matter is most diffused, some spines of fish of the family 
Acaiithodidcc^ and remains of Cephalaspis and Pteraspis occur. 

4thly. Ledbury Shales — thin olive shales of Ledbury and Ludlow, 
and sandstones intercalated in thick beds of red marl. Fish of the 
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genera Cephalaspis^ Auchenaspis^ &c., specifically distinct from those 
of the underlying Silurian. 

Old Red Smidstone of Scotland and Ireland. — South of the 
Grampians, in Forfarshire, Kincardineshire, and Fife, the Old Red 
Sandstone may bo divided into three groups. 

A. Yellow sandstone. 

B. Red shale, sandstone with cornstone, and at the base a conglo- 

merate (Nos. 1, 2, and 3., Section, p. 48.). 

C. Roofing and paving stone, highly micaccouh., and containing a 

slight admixture of carbonate of lime (No. 4. p. 48.). 

The united thickness of A, B, and C, in Fife and Forfarshire 
must amount to 3000 or 4000 feet ; and perhaps in some places, 
where the conglomerates of B are largely developed, to much more 
than 4000. • 

A. — The upper member, or yellow sandstone, is seen at Dura Den, 
near Cupar, in Fife, immediately underlying tlie coal. It consists of 
a yellow sandstone in which fish of the genera Pte.richtfnjs (iov genus 
see fig. GOO.), Pamphractus, Bothriolepis, GlpptopomuSy IloloptyckiuSy 
and others abound. 

In Ireland the upper beds of the Old Red, or yellow sandstone of 
Kilkfjnny, contain fish of the genera Coccostevs and DendroduSy 
characteristic forms of this period, together with plants specifically 
distinct from any known in the coal-measures, but referable to the 
genera found in tliem ; as, for example, LipidodendroHy Cyclopteris 
(see figs. 585. and 586.). The stems of the latter have, in some 


Fig. OSS. Fig, stiin. 



specimens, broad bases of attachment, ahd may therefore have been 
tree-ferns. 

In the same strata shells having the form of the genus Anodony 
and which probably belonged to freshwater testacea, occur. Some 
geologists, it is true, still doubt whether these beds ought not rather 
lo be classed as the lowest beds of the carboniferous series, together 
with the yellow sandstone of Sir R. Griffiths (see p. 464.) ; but the 
associated ichthyolites and the distinct specific character of the plants, 
strongly favour the opinion above expressed. 

B.— We come next to the middle division of the “ Old Red,” as 
exhibited south of the Grampians, and consisting of — 1st, red 
shale and sandstone, with some cornstone, occupying the Valley 
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of Strathmore, in its course 

Fig. 9S7. 



Sk-.'ile of Holoptychtus nobilissnnus^ Agasi 
Clahlibiniiif. Nat. bize. 


from Stonehaven to the Firth of 
Clyde ; and, 2ndly, of a conglome- 
rate, seen both at tlie foot of the 
Grampians, and on the Hanks of 
the Sidhiw Hills, as shown in the 
section at p. 48., No.s. 1, 2, and 3. 
In the uppermost part of the divi- 
sion No. 1., or in the beds which, 
in Fife, underlie the yellow sand- 
stone, the scales of a largt; ganoid 
lish, of the genus Holoplychius, 
were first observed by Hr. Fleming 
at Clashbinnie, near Forth, and an 
entire specimen, more than 2 feet 
in length, was afterwards found by 
Mr. Noble. Some of these scales 


fig. 587.) measured 3 inches in length, and 2^ in breadth. 


Fig .■ 188 . 



Jloloph/rhius. Ai restored by Frof. Huxley. 

For tooth of this geiius, see p. 502. lig. 5.^10. 

n. the fringed pectoral fins. c. .anal fin. 

b. the fringed ventral fins. d, c. dur 4 . 1 l fins. 


C. (Table, p. 521.) — The third or lowest division south of the 
Crampians consists of grey ])aving-stone and roofing-slate, witli 

Fig. .w. 



Ccphalaspts Lyellii, Agass. Length Gf inches. 

From a specimen In iny collection found at'cnammiss. In Forfarshire ; sec gthcr figures, 
Agassiz, vol. ii. tab. 1. a. and 1. b. 

a. one of the peculiar scales with which the head is covered when perfect. These 
scales arc generally removed, as in the specimen above figured. 
b. c. scales from differcut parts of the body auu tall. 
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associated red and grey shales ; these strata underlie a dense mass 
of conglomerate. In these grey beds several remarkable iish have 
been found of the genus named by Agassiz Ccphalaspisy or “ buck- 
ler-headed,” from the extraordiuary shield which covers the ht‘ad 
(sec fig. 589.), and which has often been mistaken for that of a 
trilobite, such as Asaphus, 

A species of Pteraspis, of the same family, has also been found by 
the Rev. Hugh Mitchell in beds of corresponding ago in Perthshire, 
and Mr. Powrie enumerates no less tlian five genera of the family 
A(;antliodidai, the spines, scales, and other remains of which have 
been delected in the grey flaggy sandstones.* 

In the sjime formation at Carmylie, in Forfarshire, commonly 
known as the Arbroath paving-stone, fragments of a huge crustacean 
have been met with from time to time. They are called by the 
Scotch t^uarrymen the “ Seraphim,” from the wing-like form and 
feather-like ornament of the thoracic appendage, the part most 
usually met with. Agassiz, having ])reviously referred some of tluvse 
fragments to the class of fishes, was the first to recognize their 


tig. 5*J(). 



Portion of the PtcrifRoim ang/icus, Agassiz. 


1. Middlf portion of the “ St^raphliii,” or back of the head, witli the srale-hke snilpturing 

2. Portion of thiMlilated base ot one of the anterior feet, with its strong spines or teeth. 

used as masticating organs. 

"A. The proximal portion of one of the great anterior claws. 

4. Termination oi the s.nne, with ihc serrated pincers. (See Agass., Poiss. Foss, du Vicux 
Griis Itoiigc, plate A.) 

1. and 2. arc of the natural size ; 3. and 4. arc reduced one half. 

crustacean character, and, although at the time unable correctly to 
determine the true relation of tho scv(?ral parts, ho figured the por- 
tions on which he founded his opinion, in the first plate of his 
“ Poissons Fossiles du Vieux Gres Rouge.” 

A restoration in correct proportion to the size of the fragments 
of P, aiKjlicns^ from the Lower Old Red Sandstone of Perthshire 
and P^orfarshire, would give us a creature measuring from 5 to 6 
feet ill length, and more than 1 foot across ; and Mr. Salter is of 
opinion that problem aticus^ Ag., from the Down ton Sandstone, 
and P. glgas, Salt., from the Upper Ludlow Rock, attained dimen- 
sions fully as large, even up to 7 feet. 

* Powrie, Gcol. Quart. Journ., vol xx. p. 417. 
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Pttrygotusanglicus. Ar., Forfanhirr. Ven- 
tral agpecL ll**»ior»‘d by H. Woodward, F.CJ.S., 
from nearly perfect spnciineiig of allied species, 
found in tlio L^pper Ludlow lluck of J..c6nia- 
hagow. 

a. carapace, showing the large sessile eyes 
At the anterior angles. 

b. the nu'taituma or post-oral plate (serving 
the office of a lower lip). 

c, e. chelate appendages {antcnnuh's). 

d. first pair of simple palpi (antt itmc'). 

e. second pair of simple p.ilpi {mundibles). 

f. third pair of simple palpi (first inuxiUtv). 

g. pair of swimming leet with their broad 
basal joints, whose serrated edges serve the 
office of maxilla:. 

h. tiiDr.-xclc or genital plate rovoniig the re- 
productive organs (and probably also the bran- 
chlee), composed ot two broad later.d ala*, and 
a slend.*- median lobe, varying in form accord- 
ing to the sex 'I'his thoracic plate i over*> the 
first tw'o thorai u: segments, w hich are indu 
cat(‘<l by figures and a ‘lotted line. 

Ufi. thoracic segments 
7-1*2. ahdoiniiial hegnieiits. 

13. Iclsun, or tail-pl.ite. 


Tlio largest crustaceans living at the present day an? the hiachus 
Kicmpfci'i^ of Do TIaan, from Ja]>aii (a hrachyurous or short-tailed 
crab), chiefly rein ark able for tliti (ixtraordinary length of its limbs ; 
ibe fore arm measuring 4 feet in length, and tln^ othc'rs in ]>ropor- 
tion, so that it covers about 25 s(piare f(*(?t of ground; and the 
lAmtilns ^folllcc(tnlts^ the great King Crab of China and tlie eastern 
.st'as, which, when adult, measures li foot across its carapace, and is 
5 feet ill length. 

Vdrka tfccipiens . — In the same grey paving-stones and coarse 
roofing-slates in wliich thcj (kphaUispis and l^lvnpjotm occur, in 
Korfaishire and Kincardineshire, the remains of grass-like plants 
abound in such numbers as to be useful to the geologist by enabling 
Jiim to identify corresponding strata at distant points. Whether 
those he fiicoids, as I formerly eonjc^ctured, or freshwater plants 
of tlie family Fiiiviales, as some botanists suggest, cannot yet be 
determined. They are often accompanied by fossils, called “ ber- 
ries” by the quarryineii, and which are not unlike the form which 
a compressed blackberry or raspberry miglit assumij (see figs. 592. 
and 595.). Some of thc.se were first observed in the year 1828, 
in grey sandstone of the same age as that of Fort arsli ire, at Parkhill 
near Newburgh, in the nortli of Fife, by Dr. Fleming. I afterwards 
found them on the north side of Strathmore, in the vertical shale 
beneath tlio conglomerate, and in the same beds in the Sidlaw 
Hills, at all points wher<3 fig. 4. is introduced in the section, p. 48. 

Dr. Fleming has compareil these fossils to the panicles of a Jinicns, 
or the catkins of Spargnniiun^ or some allied plant, and he was eon- 
lirmcd in this opinion by finding a specimen at Balrudderie, showing 
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Patka di'npit'nti Fleming. 
In sancistoiieof lower lieda 
of Ol.l Keel, Ley’s Will. 
Furlrtrsliire. 


Fig fi93. 



Parka rfiri/>iVw, Fleming. 

In shale of lower beds of (ll«l Ked, Fife 


file under surfaoe pmootlicr than llie upper, and displayin'^ what may 
1)0 f ile place of ailachinent of a slalk. I have mi‘t with soim? spoei- 
iiKuis ill Forfarshire embedded in .sandsfone, and not a.ssoeiated with 
th(; leaves of ]>hints (see fi". di)2. ), which bore a considerable resem- 
blance to the spawn of a recent Naiicn o94.), in 
which the eggs are aiTanged in a thin layer of sand, 
and seem to have acquinnl a polygonal form by press- 
ing against each other; but, a.s no gasteropodous 
slu'lls have been detected in the same formation, the 
Piirka has probably no connection Avith this cla.^s of 
organisms. rra^rinnir of^paxm 

The late Dr. Mantcll Avas so much struck Avith tlie olyulua. 
resmnblance of one of my specimens f.see fig. .ijlo.) to 
a small bundle of the dried-up egg.s of flie common English frog, 
Avhich he had obtained in a black and carbonaceous state (see tig. 
otKi.) from the mud of a j)ond near London, tliat lie suggested a 



I'l^. .W). Slab of 01(1 Ill’ll .S.iiiilstoi 
Forfjirsliirc, witll Ixulli's liki’ Oic ij 
of Jl.lll ,11 lu.ii)*.. 

a ova 111 a c.irbiiii]zi-il slab*. 
tj. vnti ri’lU ibi’ ova shfil 
Fijr .'i*)i;, ot thf roinniim frog,. 

JiniKi It’inponnw, in .i i arl)oni/,i‘il | 
hlati’. from a ilru-d-up pond in Clap* I 
haul (,'oiiiirioti. ( 

a llu* ova. r 

b. a tr.insvprsi* soction uf fhi* mass, I • 
oxhihiling tiiu lorin ol thn | 
celU*. } 


liatrachiaii origin for the fossil ; and Mr. NcAvport concurred in tin* 
id(‘a, adding that other larger and more circular fo.s.'iils (fig. 597.), 
Avhicli 1 procured from shale in the same “Uhl Eed,’* oceiirring 
singly or in pairs, and attached to the leaves of plants, miglit 
po>sibly be the ova cf some gigantic Triton or Salamander. 

The general absence of rejitilian remains from strata of th (3 Devo- 
nian period always Aveighed strongly Avith most geologists agaiimt 
such conjccturi\s, and Mr. Salter in 1859, and more lately Mr. 
Powrie, IniAC suggested that Parka decipims occurs too often asso- 
ciated with Pterngotus not to incline one to suspect that they arc 
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FIr. 597. Shalp of OIH Red Sandstone, nr 
Devonian. Forfarshire, with nn|ircs»ion 
of plants and ettgs of Crustaceans. 

a. two pair of ova ? rcsemhling those 
of large SnlaoiiiTulprs or Tritons-, 
on the same leaf. 

A, b. detached ova ? 


the eggs of that crustacean. They have not only been found with 
P, anglicm in Forfarshire and Perthshire, but also with P. jjrohle. 
maticus at. Ludlow, and with P. ludensis at Kidderminster, in the 
uppermost Silurian strata. Against the hypothesis of these bodies 
being sctid-vessels, it is urged that there is no trace of a style nor 
of a leafy involucrum. They are supposed to have constituted a 
single layer of ova enclosed in a membrane, and not a number of 
eggs lying crowdc'd one over the other in a sack. 

“0/f/ in the North of Scotland . — The whole of the northern 
])art of Scotland, from Cape Wrath to the southern flank of the 
Grampians, has Ix'en well described by the late Hugh Miller as con- 
sisting of a nucleus of granite, gneiss, and other hypogene rocks, 
which seem as if set in a sandstone frame. The beds of the Old Red 
Sandstone constituting this frame may once perhaps have extended 
continuously over th(' entire Grampians before the upheaval of that 
mountain range ; for one hand of tlie sandstone follows the course of 
the Moray Frith far into the interior of the great Caledonian valley, 
and detached hills and island-like patches occur in several parts of 
the interior cai)ping somc» of the higher summits in Sutherland.^shire, 
nnd ai)peariiig in Morayshire like oases among the granite rocks of 
Strathspey. 

As themiiK'ral character of the “Old Red” north of the Grampians 
ditfers considerably from that of the south, especially in the middle 
and lower divisions, 1 sliall now allude to it separately. The upper- 
most portion was formerly supposed to include certain light-coloured 
sandstones near Elgin containing reptilian r(.*mains ( 7'eler/jpton, (tc.), 
which we have now good reason to Fusi)ect are of much newer or 
Triassic date; ; * but, besides these whitish sandstones, there are 
others of a yellowi>h colour near Elgin, which are perhaps the true 
equivalents of the yellow sandstone of Fife (A, p. 521.). Tliis upper 
division passes downwards into red and variegsited samEtone and 
conglomerate, which may correspond with the beds called 11 of the 
same table, p. 521. 

♦ Supposed reptdhin remains of the of conformable strata in the neighbour- 
Old Red . — In a former edition of this hood of Elgin. To this reptile the late 
work I noticed the discovery of the bones J)r. Mantell gave the name of Telerpelon 
of a reptile found in some wliitc sand- Rlyinense; it was associated with scales 
stone charged with carbonate of lime or scutes supposed by Agassiz to be 
funning the upper part of a long series those of a fish, and called by him Stago- 


Fig. 597. 
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In tills part of the scries certain bituminous schists and flagstones 
occur in the Orkneys and Caithness, Cromarty, Moray, Nairn, and 
Ihintf, which are very rich in fossil tishes. Below the fish-beds an* 
sandstones and shales, barren of organic remains, several hundred 
and sometimes nearly a thousand feet thick. As the icdithyolitie 
zone was the lowest in which fossils had been discovered ia the 
North, it was classed paheontologically by Hugh Miller as the base 
of the Old Red system, and considered by him to be older than the 
division C, of the table, p. o21., or those paving-stones and roofing- 
slates of Forfarshire, which contain Cephalnspis and Plerygotus 
before described, p. 522. He fell naturally into this mistake by 
observing that the tisli-beds where he studied them most carefully, 
at Cromarty, were in almost immediate juxta-position with certain 
crystalline or inetamorphic rocks, so that they seemed to form the 
bii'^e of the Devonian system. Another source of error, says Sir 
IL Murchison, arose from the gradual thinning out of the biyiminoiis 
and calcareous schists and flagstones ns we proceed from north to 
south. Already these schists, when we roach Nairn and Elgin, are 
rc[)resentcd by clays with calcareous nodules only ; and this is still 
more the case at Gamrie in Banff. Still farther southwards even 
these nodules arc no longer traceable in the middle portion of the 
Old Red Sandstone.* 

Hence the relative position of the middle and lower beds could 
not be proved by direct super-position, the Caithness fish-beds being 
wanting in Forfarshire, and the Forfarshire Cephalnspis beds alike 
absent in Caithness. But all doubt as to the true order of super- 
(josition, if any still remained, was set at rest in 1861, when Mr. 
Peach, under the direction of Sir R. Murchison, searching for fossils 
in Caithness, found in sandstones, many hundreds of feet below 
the fish-zone, undoubted remains of Pterygotus. These crustaceans 
are characteristic of \\\^' Cephalaspis zone, and have never been found 
in the great fisli-bcd of the middle division of tlie Ohl Red. Tliis 
discovery, therefore, confirmed the iinticipfitions of Sir Roderick, 
who had previously maintained that the lower sandstones of Caith- 
ness were the equivalents of the Forfarshire paving-stone, and of 

wo/ep/s, but which Prof. ITuxlcy has since in 1863 by Prof. Harkness to be 
sliown to be crocodilian, and of the feetly conformabk*, both near Klj^iri and 
Telcosaiirian type. The jaw, teeth, in Ross-sbirc, with sandstones containing; 
femur, and some caudal vertebra* liavc unequivoc.'il “ Old Red ” TlsIics, but bc- 
now been found, and they indicate an twocn these and the rcptiliferoiis strata 
animal about eight feet long. Another there intervenes everywhere a conglo- 
reptile, Hyperodapedoiu Huxley, closely merute, and Mr. C. Moore lias justly 
allied to the triassic JihynvhosauruH^ has remarked ( I hirkncss,Gcol. Quart. Journ., 
also been met with in the same beds, so vol. xx. p. 429., 1864), that tlic deslnic- 
fiiat it appears highly probable that the tioii of older rocks attested by sin b 
light- coloured stones near Elgin con- pebble beds may imply a break in tlic 
lainiiig these fossils arc referable to series, and a lapse of unrepresented time 
flic Triassic, and not, ns was formerly of indefinite extept. 
imagined, to the “ Old Red,” or 3:)cvo- * Murchison, Siluria, 3rd. cd., p. 286., 

nian period. 1859. 

The strata in question have been shown 
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certain beds of Ilorcfordsliire and Shropshire, which immediately 
overlie the bone-bed of tlie Upper Ludlow.* 

Mr. Powrie remarks that very few genera and no species of fish 
are common to this Lower or Cephalaspis division, and to the Middle 
or Caithness beds, whereas no such marked break occurs between 
the ichtliyic forms of the Middle and those of the Upper or Yellow 
Sandstone division. | 

Clasufication of the Fossil Fish of the Old Red Sandstone. 

The fish of the schists and flagstones in question are very pecu- 
liar and characteristic. They were first successfully studied by the 
late Hugh Miller, who gave an admirable description and restorations 
of many of them. They were also the subject in 1844 of a special 
monograph by Agassiz, in which he described no less than sixty-five 
British .jpccics alone, and several important memoir«t on Pterichthys 
and other genera wenj afterwards published by Sir P. Egerton, 
whose labours in this field (including a synopsis of all the genera 
known in 1857) have been acknowledged by Professor Huxley as 
having powerfully contributed to clear up his ideas when he under- 
took, in 18(31, the diflicult task of classifying these fishes. To the 
Russian zoologist, Pander, we are also indebted for a most able trea- 
tise on these iclitkyolites. Professor Huxley^s masterly essay is of 
a later date than Pander’s, and contains a systematic arrangement 
of the British Devonian fish, which, he observes, are of surpassing 
interest, as comprising the oldest assemblage of vertebrate animals 
of which we can be said to have any tolerably complete knowledge; 
for no reptiles have yet been found older than those of the coal, jind 
the Silurian fish are co-nfined to a few isolated specimens, affording 
us a very scanty insight into the character of the piscine fauna 
anterior to the period of the Old Red Sandstone. 

Tlui Devonian fish were referred by Agassiz to two of his great 
orders, naniely, the Placoids .and Ganoids. Of the first of these, which 
in the Recent period comjndse the shark, the dog-fish, and the ray, no 
entire skeletons are preserved, but fin-spines called Ichthyodoru- 
lites, and t(*eth occur. On such remains tln^ genera Onchus^ Odonta- 
cfnithfts, and Clenodns, a supposed ccstraciont, jind some others, have 
been e.-?t.*iblished. There arc also some spiny fish of a family called 
Aeanthodidae, not yet well understood, ai 1 thought by Huxley to 
have some connection with the Placoids, although he admits that 
they may perhaps have still more claims to rank with the Ganoids, 
with which they have been usually classed. 

Among the Ganoids arc the Ccphalaspidae (see fig. 589. p. 522.), 
represented by several genera, Cephulaspis^ Pteraspis, &<*., and 
forming a very distinct family, but having, according to Huxley, a 
considerable relationship with the sturgeon. 

By far the greater number, however, of the Old Red Sandstone 

* Powrie, Gonl. Quart. Journ., vol. Siluria, 3rd ed., p. 280. &c., 1859. 
xiv. P- 503., 1858; and Murchison, t I’owrie, ibid., p. 428. 
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fishes belong to a sub-order of Ganoids instituted by Huxley in 1861, 
and for which ho has proposed the name of Crossopterygidcc or the 
fringe-finiied, in consideration of the peculiar manner in which 
the fin-rays of the paired fins are arranged so as to form a fringe 
round a central lobe, as in the Polypterus (see a, fig. 598.), a genus of 


Fig. 598. 



Polyptcrus. See Agassiz, ** Rerhorches zur lez Poissons Fossilcs.” 

Living in the Nile and other African rivers. 

a. one of tliu fringed pectoral (Ins. c. anal fin. 

b, one of the ventral fins. d. dorsal tin, or row of finlets. 

which there are several species now inhabiting the Nile and other 
African rivers. The reader will at once recognize in Osteolepis 
lig. 599.) one of the common fishes of the Old Red Sandstone, many 


Fig. 590. 



Rc.storalioii ot OstroU'pts. Pander. 

Old Red Sandstone, or Devonian. 
a. one of the fringed pectoial fins. c. anal fin. 

^ b. one ol the ventral fins. d, e. dorsal lins. 

lioiiits of analogy with Polt/pterus, They n^)t only agree in the* 
structure of the fin, as first pointed out by Huxley, but also in the 
po.sitioii of the pectoial, ventral, and anal fins, and in having an 
elongated body and rhomboidal scales. On the other hand, the tail 
is more symmetrical in the recent fish, which has alao an aj)j)arar-us of 
dorsal iiiilets of a very abnormal character, both as to inimher and 
structure. As to the dorsals of Osteolepis^ they are regular in struc- 
ture and position, liaving nothing remarkable about them, exc(»|)t 
that there are two of them, which is comparatively unusual in living 
fish. 

Among the “fringe-finned Ganoids wc find some with rliom- 
boidal scales, such as Osteolepis, above figured, and Diplopierns, 
Glyptolcemus, and Ghjptopomus ; olliers with cycloidal scales, as 
Iloloptychius (see fig. 588. p. 522.), Diplerus, &c. The new genu.^ 
Glyptolatmus, founded by Huxley on specimens from the Devonian 
yellow sandstone of Dura Den in Fife, is remarkable for having not 

* Abridged from KpooffuTos, crossotos, a fringe, and ptcryx, a tin. 

• Bl M 
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only a fringe of rays entirely surrounding a central lobe in tlio 
pectoral and ventral fins, but in having the same structure repeated 
in the anal and both the dorsal fins. In the genera Dipteriis and 
Diplopterus, as Hugh Miller pointed out, and in several other of the 
fringe-finned genera, as in Gyroptychius and Glyptolepis^ the two 
dorsals are placed far backwards, or directly over the ventral and 
anal fins. 

The Asterohpk was a ganoid fish of gigantic dimensions. A. As- 
musiu Kichwald, a species characteristic of the Old Red Sandstone 
of Russia, as well ns that of Scotland, attained the length of be- 
tween 20 and 30 feet. It was clothed with strong bony armour, 
embossed w'ith star-like tubercles, but it had only a cartilaginous 
>keleton. The mouth was furnished with two rows of teeth, the 
outer ones small and fish-like, the inner larger and with a reptilian 
eliaracter. The Asterolepis occurs also in the Devonian rocks of 
Xorth America. 

Tf we* except the Placoids already alluded to, and a few other 
famili(*s of doubtful af!initi(*s, all the Old Red Sandstone •fishes are 
Ganoids, an order so named by Agassiz from the shining outer 
surface of tludr scjiles. The same remark would hold true of the 
fish of the jirimary and secondary formations generally, those of the 
primary and older secondary type having hetiTocercal tails, whih* 
the tails of those of the tertiary rocks are almost all cquilobed or 
liomocercal, like the vast majority of living fish; but Prof. Huxley 
lias also called our attention to the fact that, while a few of tluj 
primary and the great majority of the secondary Ganoids resemble 
the living Lfpidosteus, or bony pike, or the Amiay genera now found 
in North American rivers, and one of them, Lepidosteus, extending 
as far south as Guatemala, the Crossopterygii, or fringe-finned 
ichthyolites, of the Old Red arc closely related to the African 
l^olypterus^ which is represented by five or six species now inha- 
biting the Nile and the rivers of Senegal. These North American 
and African Ganoids are quite exceptional in the living creation ; 
tJiey are entirely confined to the northern hemisphere, unless some 
species of Polypferits range to the south of tlie line in Africa ; and, 
out of about DOOO living species of fish knoAvn to M. Giinther, and 
of which more than 6(X)0 arc now preserved in the British Museum, 
they probably constitute no more than 27. 

All the living fish, exclusive of the 27 species just mentioned, 
and the Elasmobrfvnchii or Placoids, have equilobed or liomocercal 
tails, and are called Tehostei, because their skeletons are perfectly 
(jssified.* The living Ganoids, however, most resembling thos(? of the 
primary and secondary periods, namely, the Lppidostei and PoJypteri^ 
have also internal skeletons as pcrn^ct as those of any Teleostci ; 
and we find the same combination of a hard external or dermal 
skeh‘ton, and a well-ossified endo^skeleton in Dipterus^ one of the 


^ From TfA-foy, telcos, perfect^ and oartov, osteon, a bone. 
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Old Red Ganoids already alluded to. In this respect, therefore, 
Dipterus aud Polppterus agree, although they differ in tlieir scales, 
Dipterus liaviiig cycloidal, and Pob/pieriis rhomboidal scales. Mega- 
Hchthgs, a carboniferous genus, agrees with Polgpterus in the form 
of its scales, which are rhomboichil, while its internal skeleton, as 
first observed by Huxley, is so lar ossifiecl that in each vertebra 
tliore is a ring or hoop of bone. 

The fos>il Ganoids, therefore, although generally contrasted with 
the Tcleostei^ cannot be said to have in all cases imperfect internal 
skeletons tniy more than the most typical living representatives of 
the order. 

Among the anomalous forms of Old Red fishes not referable to 
Huxley s Crossopterygii is the Pterichthys^ of which five species Iiave 
been found in the middle division of the Old Red of Scotland. Some 
writers have compared their 
shelly covering to that of 
( ■rustacciinsjwith which , how- 
ever, they have no real alliiii- 
ty. The wing-like appeiidage.s 
whence the genus is named, 
were first supposed by Hugh 
Miller to be paddles, like those 
of the turtle ; and there can 
now be no doubt that they do 
renTly correspond with the pec- 
toral fins. Professor Huxley, 
when si>eakiiig of the allied 
genus Coccostcus^ has spccu- 
I ited on its relationship with 
the Silnridip, a hirgo family 
of living Teleostcans, the bony 
sliiclds covering the roof of 
the cranium in Coccostcus being compared by him with those which 
(!(>ver the head and anterior part of the body of certain Siluroids, 
more particularly those belonging to the gei.ns Ctarias. 

South Devon and CornwalL — Term Devaniun.--A great step 
Avas made in the classification of the slaty and calcifCrous strata of 
South Devon and Cornwall in 1837, when a large portion of the 
beds, previously referred to the “ transition ’’ or Silurian series, 
were found to belong in reality to the period of the Old Red Sand- 
stone. For this reform Ave are indebted to the labours of Prolessor 
SedgAvick and Sir R. ^lurchistm, assisted by a suggestion of Mr. 
Lonsdale, who, in 1837, after examining tlie Sonth Devonshire 
fossils, perceived that some of them agreed Avith those of the Carbon- 
iferous grou|), otliers Avith those of the Silurian, Avhile many could 
not be assigned to either system, tlie Avhole taken together exhibiting 
a peculiar type, but of intermediate character between the older and 

A1 Bf 2 
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newer groups alluded to. But these pnhcontological observations 
alone would not Imve enabled us to assign, with accuracy, the true 
])lace in the geological series of these slate-rocks and limestones of 
South Devon, had not Messrs. I^edgwick and Murchison, in 1836 
and 1837, discovered that the culiiiiferous or anthracitic shales of* 
North Devon belonged to the Coal, and not, us preceding observers 
Jiad imagined, to the “ transition ” period. 

As the strata of South Devon here alluded to are far richer in 
organic remains than the red sandstones of contemporaneous date* in 
Herefordshire and Scotland, the new name of the “Devonian system’’ 
was proposed «s a substitute for that of Old lied Sandstone. 

The link supplied by the whole assemblage of embedded fossils, 
connecting as it does the ]>ala;ontology of the Silurian and Carbon- 
ilerous groups, is one of the highest interest, and equally striking 
whether we regard the genvm of the corals or of tlie shells. The 
.s^iecies are mostly distinct except in the upper group. 

The rocks of this group iii South Devon consist, in gr^at part, of 
green chloritie slates, alternating Avith large quarlzosc slates and 
sandstones. Here and there calcareous slates are interstratitied Avith 
hlue crystalline limestone, and in some divisions conglomerates, 
]»assiiig into red sandstone. But the Avhole series is much altered 
and disturbed by the intrusion of the granite of Dartmoor and other 
igneous rocks. 

In North Devon, on the contrary, the Devonian groufj has ^eeu 
less changed, and its relatiojis to the overlying carboniferous rocks 
or ‘'(luliii M(‘asur(‘s” are sumcAvhat more clearly seen. The follow- 
ing sequence is exhibited in the coast section on the Bristol Channel, 
between Barjista 2 )le and the North Foreland.* 


T)cvovian Series in Aorth Devon, 


Upper or ! , 

I'lltOIl 

t;rouj) j 

r2. 

Middle, I 
crll/ru- « 

(oiiibe 

jjroup 

1. 

liower, or 

Jyiiitoii 

tJioup 


'a, Cnicarqpiib brown slates; with fossils, some of tlicm common to 
llie Carl)onirer()ii'. gioiiji, but most of them distinct. (Rini- 
siaplc, Uilton, &e.) 

b. Brown and }cllow suiidstoiie, with marine shells and land-plants 
StiymaiiUf Sayetiaruty and others. (Buggy Toiiit, Marwood, 
&e.) 

Hard grey and reddish sandstones and inieaeeous flags, without 
fossils, vesting on soft greenish schists ut considerable thiekiiess. 
(Morte I5ay, Bull Point, Ac.; 

Calcaicous slates, with eight or nine courses of limestone, full of 
corals and sliell.s like those of the Plymoulh limestone, \ Cyathn- 
phyllwn caspitosuHifbiic fig. (»06., J'arusites pvlyinorphuy see lig. Go5., 
&e. (Combe Martin, lllraeombe Ilaibour, Ac.) 

Hard, greenish, red, and juirple sandstones; with oeeasional fos.sils, 
Spinferk, Ac. (Taiitori, North Foreland, Ac.) 

Soft elilorilons slates, with sonic saiidslom-s ; Orthis, Spvijn\ i\\\Ci 
(loral«. (Valliy ot Koeks, ^^ynmuuth, &e.) 


'I'lio 8^]ccc^si^e beds of tin's section htiAc been compared with 


* Sedgwick and Murchison, Tran.s. Cornwall, PI. 3. Murchison’s Stluria» 
Oeol. Soc., New Seiie.'S \ol. v. p. 644. p. 256. 

De la Beclie, Gcol. Report, Devon and 
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tlioso of South Devon and Cornwall both by tho authors of the 
“ Devonian ” system and by other observers. And Professor Sedg- 
wick has agfiin lately brought them into closer comparison.* Other 
geologists at home and abroad have successively identified them with 
the Devonian series ,j*n France, Belgium, the Rhenish Provinces, 
Central Germany, and Anierica.f I shall proceed first to treat of 
the main divisions which have been established in Europe. 


Upper Devonian Rocks^ 

Pilton Grow/i.— The slates and sandstone of Barnstaple (No. 1., 
n, 6, of the preceding section) were formerly considered to be re- 
presented in Cornwall by the limestones of Petherwyn, which rise 
from under tho Culm Measures, constituting the Petherwyn group 
of Ih'ofessor Sedgwick. But later researches J have rendered it pro- 
bable tliat these beds overlie the ^>,,1 

Petherwyn group ; they contain 
the shell Spirifer disjtmctns, Sow. 

(S, Verneuilii, Murcli.), (see fig. 

6t)l.), Ibuiid in Europe, Asia 
Minor, and even China; Npi- 
rifer Barrienus, S. Urii, uiid 
Strop!, ah, in cnperala, logctl.er Boulogne, 

with tho large trilobite Phaeops 

hitifrons, Bronn (see fig. 6()2.), which is all but world-wide in ils 
distribution. Tlie fossil* are numerous, and 
SO per c('nt. of them are distinct IVom those of 
even the Lower C’sirboniferous. 

Petherwyn Gronp , — A seri<*s of limestones 
.niid slates best developed at Petherwyn, in ^ 

Cornwjill. Among many oilier fossils, the ' 

Clpmenia linenris (fig. (503.) and the minute 
erustaeeun Cypridina serrato-striafa (fig. (504.) 
arc so characti'i’istic of these ujiper beds in 
Belgium, iJie Rlienish Provinces, the Iliirtz, 

Saxony, fliid Silesia, that strala ot this divisitin 
in (jerniany arc distinguished by the names of 
“ Cly men ien-Kalk ” and “ Cy pridinen-schierer.”§ 

Witli these arc many Goniatites {G. snhsttl- 
entm, Munster, and other species), both in Eng- 
land and on the Continent. Jii Germany they r/tneops Inti/tons, Bronn. 

.. Ch.inirtt-riiitir of the !)• 

are usually confined to distinct beds, as at ximan in Kuropc, asu 
() bcrsch<‘l<l, also at CouTin in Belgium, &c. n. mwi s. Ameriia. 

• Quart. Joiirn. Gcol. Soc., vol. viii. Von Meyers Pnlacontogruphicn, .lid 


p. \., ct scq. 1 tj i • o 1 I 

t Sec Dr. Fridolin Sandberger on tho t Marcli.son s Sduiia, 2 nd cd., p. 

Devonian rocks <d Nassnu (Gool. Ver- 247. ^ ^ 

hfdt. Nassau); Fried. A. Rbmrr, on flic § Ibid., chaps." x., xiv., and xv. 
llartz Devoiiiiiii Rocks, in Dunker and 
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Cypridinu serrato-stn'ata, Sandberprr, 
WiMlhurji, &c. ; Nassau; !Saxon> ; 
Ueluiuni. 


i'lymcnia liueans. Minister. 

Peilierw>n, Cornwall; Elbjrsieuth. Bavaria. 

Trilobites are not uiifrequent in Cornwall ; they are chiefly resirictetl 
to species of Phucops, P. Itnvis, &c., but in the upper Devonian 
limestones of the Fichtelgebirge, ns at Elbersrouth in llavaria, there 
are numerous other gcjiera and species, such as Brontct, Cpphastisy 
kc; which never rise higher in the series or appear in any portion of 
the carboniferous limestone. 

iV iddle Devon ian. 

The unfossiliferous series (No. 2., p. o32.) of North Devon, and 
the calcareous beds of Ilfracombe (3.^ corres|)ond to the Dartmoutli 
and Plymouth groups of Prof, Sedgwick’s South Devon series, and 
are the most typi<!al portion of the Devonian system. They include 
the great limestones of Plymouth and Torbay, replete with sludls, 
triIobit(*s, and corals. A thick accumulation of slate and schist, 
full of the same fossils, occupie.s nearly all the southern portion of 
Devonshire and a large part of Cornwall. Among tlie corals we 
find the genera Favosites, f/clhlites, and Ct/athop/tf/litan, the last 
genus equally abundant in the Silurian and Carboniferous systems, 



Favorites polymor Goldf. S. Devon, fioin a poliahid 
»pecimt'n. 

a. j ortioii of the same magnified, to show the pores. 



a. Cyathophyllum ctespitosum^ Godf. 

Plymouth and Ilfracombe. 

b. a terminal star. 

c. vertical section, exhibiting trails. 

verse plates, and part of another 
brunch. 
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the two former so frequent in Silurian rocks. Some few even of the. 
species are common to the Devonian and Silurian groups, as, for 
example, Favosites poJymorpha (tig. 605.), one of the commonest ol‘ 
all the Devonshire fossils. The Cyathdphyllum ccBspitomm (tig. 
606.) and Heliolitcs pyrifo'i'mis (fig. 607.) are peculiarly character- 
istic; as is another very common species, the Aulopora serpens 
(fig. 608.), which creeps over corals and shells in its young state, 


Fig. C07. 608. 




Jleliolih's porosoy Ooldf., up. Ponies pjfrifonnis, 
Lonsd. 

piirlion of tho itainc niaf^nified. Middle De- 
vonian, Torquay ; Plymouth; Kifel. 


Aulopora serj.e7u, Goldf. 

(Tho yoiiiiK biicil portion of a Sprtnf>t pura 
Milne Kdw. and llaime.) 


as here figured, but afterwards grows upwards and becomes a 
cluster of tubes connected by minute processes. In this stale it 
has been supposed to be a distinct coral, and has been called Sy- 
ringopora. 

With tho above are found many stone-lilies or crinoids, some of* 
them, such as Cnpressocrinites^ of forms generically distinct from 
those of the Carboniferous Jjimestonc. The mollusks also are no 
leas characteristic, among which the genus Siriiigocephalus (fig. 609.) 

Fig. fioy. 



Strmsoc>phalus Burtiui^Tio^r, {Terebratula pot recia^ Sow,) Eifel; also .South Dct on. 
a v.ilvrs united. b. side vie>\ of same, 

c. interior of larger valve, showing thick partition, and part of a large process which 
projects from the other valve quite uiruss the bhell. 


may be mentioned as exclusively Devonian. Many other Ilrachiopod 
shells, of the genus Spirifer^ &c., abouiideil, and among them the 
Atrypa reticularis^ Linn. sp. (fig. 627. p. 5t51.), which seems to have 
been a cosmopolite species occurring in Devonian strata from 
America to Asia Minor, and which, as we shall hereafter .set* 
(p. 550.), lived also in the Silurian seas. Among the peculiar 
lamcllibranchiate bivalves common to the Plymouth limestone of 
Devonshire and the Continent, we find the Megalodon (lig. 610.), 
together with many spiral univalves, such as Murchisoniay Enoin- 


MIDDLE DEVONIAN. 


t33(> 


[Ch. XXVI. 


phidns^ and Macrocheihis ; and Pteropods such as Conularia (fig. 


Fig. 610. 



Mt.Qalodon cumUattis^ Sow. Kifcl ; also Bradley, S. Devon. 
a. the valvpa united. 

h. Intel lor of valve, showing the I.trge carditi.M tooth. 


Fig. 611. 



Cont.laria omata, D’Arch. and 
l)e Veni. 

•(fJeol. Tr.ws., '^ee, Ser.. vol. vi. 
FI. ‘iO.) Uvfriich, near Cologne. 


()1L). The cephalopoda, such as Cprtnceras^ and others, 

are iieiirlj all of genera disfmet from those prevailing in the Upper 
Devonian Limestone, or Clymeiiien-Kalk of the Germans already 
mentioned (p. 533.). Although but few species of Trilobites occur, 
the charact(‘ristic Brontes flahvUifer (fig, 612.) is far from rare, 
and all collectors are familiar with it.s fan-lik({ tail. The liead is 
seldom found perfect ; a restoration of it has been attempted by 
Mr. Salter (fig. 613.) 


Fjg. 612. 



ilmn’fsjtahclhfcr^ Coldf. Eifcl ; also S. Devon. 

In this same formation, comprising in it the “ Stringncephahi^ 
limt «tone,” or “ Kifel Limestone” of Germany, several remains of 
Coceosteus and other ichthyolites have been detected, and tliey serve, 
as Sir R. Murchison observes (Siluria, p. 371.), to identify the rock 
with the Old Red Sandstone of Britain and Russia. 

Beneath tlie Eifel Limestone (the great central and typical 
member of “ the Devonian ” on the Continent) lie certain schists 
called by German writers “ Calceola-.schiefer,” because they contain 
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in abundance a fossil body of 
very carious structure, Cal- 


normill form of the order snndnUna^ Lam. ; also South Devon. 

rw . M. vcntiul vuivc. b. ii icr side ot dorsal valve. 

Mantharia rugom (see fig. 

563. p. oil.), diffijring from all other corals in, being furnished 
with a strong operculum. 

Lower Devonian. 

Beneath the Middle Devonian limestones and schists already 
enumerated, a series of slaty beds and quartzose sandstones, the 
latter constituting the Older llh(uii$h Grcywacke ” of Rbmer, and 
the “ Spirifer sand.storic ” of Sandberger, are exhibited between 
Coblcntz and Caiib.* A portion of these rocks on the Rhino and in 
some of the adjacent countrie.s was regarded as “ Upper Silurian ” 
by Prof. Sedgwick and Sir R. Murehison in 1839, but their true 
ago has since been determined. Their ecpiivalents arc found in 
England in the sandstones and slates of the Foreland and Linton 
in Devon (Nos. 4. and 5. of the section, p. 532.), and, according 
to Mr. Salter, in the sandstone of Torquay in South Devon, 
where many of the characteristic Rhenish fo.<sils are met with. 
The broad- winged Spiri- 
fers whi(;li distinguish the 
“ Spirifer - sandsteiu ” of 
(lernniiiy have their re- 
presentatives in the De- 
vonian strata of North 
America (see fio" 615) Spntjer 7nucronatus,\h\\\, Devonian of ppiinsjlvania. 

Among the Trilobites of this era several largo species of Iloma-\ 
lonotns (lig. 616.) are conspicuous. The genus is still better known 
a.s a Silurian form, but the spinose species appear to belong exclu- 
siv(dy to the “Lower Devonian,” and are found in Britain, Europe, 
and the Cape of Good Hope. 

With th(5 above are associiated many species of Brachiopod-^, such 
as Ori/iis, Lepfrena^ and Chonetes, and numerous Larnellibranchiata, 
such as Pterinea ; also the very remarkable fossil coral called Pleura- 
dictyum prohlematicum (fig. 617.). 

Devonian of Pussia . — The Devonian strata of Russia extend, 
according to Sir.R. Murchison, over a region more spacious than 
the British Isles ; and it is remarkable that, where they consist of 
sandstone like the “ Old Red ” of Scotland and Central England, 
they are tenanted by fossil fishes often of the same species and still 


I'lp. fiI5. 




ceola sandnlinn (fig. GH.], 
wliich has been usually con- 
sidered a braehiopod, but 
which some naturalists have 
lately refewed to a coral. 
They suppose it to be an ab- 




ilW 


* Murchison’s Siluria, p. 3G8. 
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Fig. r,IG. 



Uomalonotua armatvs^ Biirmeistor. Lower 
Devoiiiiiii ; Daun, in the Kifcl. 

Ohs. Thetworousur spines down the body 
Rive .111 aimiMrunee of more distinct tnlolM- 
tUMi tin'll! Te.illy oeciirs in tins or most other 
specitih of ihe genus. 


Fig. C17. 



rieurodiclyum vrohl. mattcum . (loidfiiKs. laiwer 
Di'ioiiuii ; or rii mouth and Torquay; Looe , 
Korez, ike . ; also in Gerniany at Dietz, NaSM.tii, 
&c. 

Obs. Attached to a worm-like body (St'rpuln). 
The specimen is a cast in s.iridstoiie, the thin 
expanded bri*>e ol the coral being removed, and 
exposing the large polyRonal cells ; the wails ot 
tliesc cells are perfor.iLod, and the casts ot these 
perior.itions produce thecli'iiii-like rows of dots 
between the culls. 


oftorier of the same genera as the British, wherejis when they consist 
of limestone they contain shells similar to those of Devonshire, thus 
coiilirming, as Sir Roderick observes, the contemporaneous origin 
previou.sly assigned to formations exhibiting two very distinct 
mineral types in dilFerent parts of Britain.* Thu calcareous and the 
arenaceous rocks of Russia above alluded to alternate in such a 
inaiiii(*r as to leave no doubt of their having beeit deposited at tlie 
same period. Among the fish common to the Russian and the British 
strata are Asterolepis Asmiisii befoni nieiitioned ; a smaller species, 
A. minor j Ag. \ Iloloptychiiis ?whilissimus (p. 522.) ; Dendrodus 
btrifjatns, Owen ; Pierichthys major ^ Ag. ; and many oth(*rs. But 
some of tlie most marked of the Scottish genera, such as Cephalaspis^ 
Coccosteus^ DiplacanthuSy Cheir acanthus y &c., have not yet been 
found in Russia, owing perhaps to the present imperlect state of our 
. Ve.searchcs, or possibly to geographical causes limiting the range of 
I he extinct species. On the whole, no less than forty species of 
placoid and ganoid tish have been alrcjady c()llect(‘d in Russia, some 
of the placoids being of enormous size, as l)efore stated, p. 530. 


Devonian Brachiopoda, 

The preponderance of the Brachiopods or Palliobranchiata among 
the bivalve shells forms a decided feature in tlie conchology of the 
Devonian sti'ata as contrasted witii that of rocks newer in the series, 
such as have been described in the preceding chapters. In a table 
of British fossils, constructed by Brofessor Ramsay, it appears that 
there an*, twice as many species of Brachiopods as of Lamellibraii- 
chlate bivalves in the Devonian rocks, there being ninety-six known 


Silurio, p. 329. 
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Brachiopods to forty-seven Lamellibrsiuchiata. In the antecedent 
Silurian rocks the relative numbers arc still more in favour of the 
Brachiopods, whereas* in the more modern Carboniferous formation, 
the proportions are more than reversed, for there are of the Car- 
boniferous Lamellibranchiata 282 species, and only 123 Brachio- 
])oda. 

The render will of course conclude from what was said at p. 410. 
that all these oolitic species were not living at one and the same 
time, there having been continual changes going on in the fauna 
from the period of the lowest to that of the uppermost member of 
the oolitic series ; but the proportions of the two families of shells 
may be correctly deduced from the data above given. If we consult 
the same table to obtain the relative numbers of these same orders of 
mollusca in the oolites, we find t536 Lamellibranchiata and only 
sixty-nine Brachiopoda, these last therefore being reduced to nearly 
an eighth part of the whole bivalve fauna. If we then turn to the 
actual British seas, we observe that Forbes and Hanley give 220 
living species of Lamellibranchiata and only live Brachiopods, the 
latter being reduced to a forty -fourth part of the whole fauna. As 
the lamellibraiichiate mollusks have an organization of a more com- 
plex and higher grade, the fact of their increasing preponderance 
iVom the earliest to the latest times has been often cited, and not 
without reason, as favouring the theory of progressive development. 

Devonian Strata in the United States and Canada. 

In no country hitherto explored is there so com])Iete a series of 
strata intervening between the Carboniferous and Silurian as in the 
United States. This intermediate or Devonian group was first 
studied in all its details, and with due attention to its fossil remains, 
by the Government Surveyors of New York. In its geographical 
extent, that State, taken singly, is about equal in size to Great 
Britain ; and the geologist has the advantage of finding the 
Devonian rocks there in a nearly horizontal and undisturbed con- 
dition, so that the relative position of each formation can be ascer- 
tained with certainty. 

Subdivisions of the New York Devonian StratOy in the Reports of 
the Government Survvyois. 


Names of Croups. Thic kness in Feet. 

1. Cat-'kill group, or Old Red Sandstone - - - - 2000 

2. Chemung group ------- 1500 

3. rortngt! I 10„0 

4. Gfiicssee / 

5. Tully - . - 15 

C. lliimilton 1000 

7. Murccllus - - - 50 

8. Corniferous^ -50 

9. Onondaga J- " - * * 

10. Schoharie 1..-----10 

11. Cauda-Galli grit / " 

12. Oriskany sandstone - - - - - - 5 to 30 
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These subdivisions are of very unequal value, whether we regard 
the thickness of the beds or the distinctness of their fossils ; but 
they have eacli some mineral or organic character to distinguish 
them from the rest. Moreover, it has been found, on comparing tlie 
geology of otlicr North American States with the New York 
standard, that some of the above-mentioned groups, such as Nos. 2. 
and d., which are respectively 1500 and 1000 ft. thick in New Y'ork, 
an* very local, and thin out when followed into adjoining States ; 
whereas others, such as Nos. 8. and 9., the total thickness of which 
is scarcely 50 feet in New York, cjin be traced over an area nearly 
as large as Europe. 

Respecting the upper limit of the above system, there has been 
very little diiferencc of o])inion, since the Red Sandstone No. 1. 
contains Ilolopti/chiHs nobilisshmjs and other fish characteristic 
generically or specilically of the European Old Red. More doubt 
has been entertained in regard to the classification of Nos. 10,. 11, 
and 12. M. de Verneuil proposed in 1847, after visiting the United 
States, to include the Oriskany sandstone in the Devonian ; and 
Mr. I). Sharpe, after examining the fossils which T had collected in 
Aini*rica in 1842, arrived independently at the same conclusion.*' 
The resemblance of the Spirifers of this Oriskany sandstone to those 
of th(* Lower Devonian of the Eifel was the chief motive assigned 
by M. de VeriKMiil for his view ; and the overlying Schoharie grit. 
No. 10., was classed as Devonian b(‘canse it contained a 8p(*cies of 
Astcrolrph, On the other hand, Prof. Hall adduces many fossils 
from No.s. 10. and 12. which resemble more nearly the Ludlow 
group of Murchison than any other European type; and he thinks, 
then f(»n», that those groups may be Upper Silnrian.*^ Sir William 
Logan has sliown that the fossils of the (raspe limestones in Eastern 
C'aiia<la favour tlie same opinion, and demonstrate at least how diffi- 
cult it is to draw a dividing line in that country between the De- 
vonian and Silurian systems. Although the Oriskany sandstone is 
no more than .‘50 feet thick in New York, it is somelimes 300 feet 
thick in Pennsylvania and Virginia, where, tog(‘th(‘r with other 
primary or pahnozoic strata, it has been well studied by Professors 
W. r>. and 11. D. Rogers. 

'The upper divisions (from tlie Cat.sk ill to the Genesseo groups 
inclusive, Nos. 1. to 4.) consist of arenaceous and slialy beds, and 
may have been of littoral origin. They vary greatly in thickness, 
and few of them ean be traced into the “far West whereas the 
calcareous group.s, Nos. 8. and 9., although in New York they have 
.seldom a united thickness of more than 50 feet, arc observed to con- 
stitute an almost coiitinuous coraI-”eef over an area of not less than 
500, (M)0 square miles, from the State of New York to the Missis- 
sippi, and betw(;en Lakes llnron and Michigan, in the north, and 
the Ohio River and Tennessee in the south. In the Western States 

* l)c Vcriiouil. Bulletin, 4. 678., 1847; D. Sharpe, Quart. Jouni. Gcol. Soc., 
vol. iv. pp. 14.1., 1S47. 
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they are represented by the upper part of what is termed ‘‘the Cliff 
Limestone.” There is a p;rand display of this calcareous formation 
at the falls or rapids of the Ohio River at Louisville in Kentucky, 
■where it much resembles a modern coral-reef. A wide extent of 
surface is exposed in a series of horizontal ledges, at all seasons when 
the water is not high ; and, the softer parts of the stone having de- 
composed and wasted away, the harder calcareous corals stand out 
in relief, their erect stems sending out branches precisely as when 
they were living. Among other species I observed single corals, not 
less than 5 feet in diameter, of Favosiles gothlnndica^ with its 
beautiful honeycomb structure well displayed, and, by the side of it, 
the Favistella^ combining a similar hoiicycombed form with the star 
of tlie Astroia. There was also the cu))-sliaped Cyathophyllum^ and 
the delicate network of the Fenestella^ and that elegant and well- 
known European species of fossil, called “ tlie chain coral,” Cateui- 
pora escharoidts (see fig. G31., p. 553.), with a profusion of others. 
Tliese coralline forms were mingled with the joints, stems, and occa- 
sionally the heads of lily encrinites. Although hundreds of fine 
speciinoiis have been detached from these rocks to enrich the 
museums of Euro])e and America, another crop is constantly Avork- 
ing its way out, under the action of the stream, and of the sun and 
rain in the Avarm season Avhen the channel is laid dry. The Avaters 
of the Ohio, Avhon 1 visited the spot in Aj)ril, 1846, Avere more thati 
40 feet below their higli(*st level, and 20 feet above their lowest, so 
that large spaces of bare rock Avere exposed to vit*Av.* 

No less than 46 species of llritish Devonian corals are described 
in the monograph published in 1853 by Messrs. M. Edwards and 
Jules Haime (Pala^ontographical Society), and only six of these occur 
in America; a fact, observes Prof. E. Forb(*s, wliich, Avhen Ave call 
to mind the wide latitudinal range of the Ant hozoa, lias an important 
bearing on the determination of the geography of the northejii 
hemisphere during the Devonijj-n epoch. AVe must also remember 
ihat the more conspicuous corals of these ancient reefs, viz., those 
Avhich are like our cup aiid star corals, all belong to the Ztmnlharia 
mgosa, a sub-order Avliicli, as before stated (|). 511. el seq.)^ has no 
living re])resentative. lienee great caution must be usi‘d in admit- 
ting all inductions drawn from the presence and forms of these 
zoophytes, respecting the prevalence of a Avarm or tropical climate 
in high latitudes at the time Avhen they flourished, — for such induc- 
tions, says Prof. E. Forbes, have been founded “on the mistaking of 
analogies for affinities.” | 

'J'his calcareous division also contains GoJuatiteSy Spirifers, Pen- 
trcmltes, and many other genera of Mollusca and Crinoidca, corres- 
])onding to those Avhich abound in the Devonian of Europe, and some 
few of the forms are the same. Rut the difficulty of deciding on the 
exact parallelism of the Ncav York subdivisions, as above enumerated, 

• Lyolfs Second A^isit to the United t Ocol. Quart. Journ., vol. x. p. CO., 
States, vul. ii. p. 277. 1854. 
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with the members of the European Devoninn, is very great, so few 
are the species in coininoii. This difficulty will best be appreciated 
by consulting the critical essay published by Mr. Hall in 1851, on 
the writings of European authors on this interesting question.* 
Indeed avc are scarcely as yet able to decide on the parnllelism of 
the principal groups even of the north and south of Scotland, or 
on the agreement of these again with the Devonian and Khenish 
subdivisions. 

Canada, — In Western Canada many of the subdivisions of the 
lA’cw York Devonian system, as above enumerated, from the Chemung 
to the Oriskany formation, have been recognized by the llritish 
surveyors, and are even traceable continuously, as in the Niagara 
district, from the one country to the other. 

In Eastern Canada, or in the peninsula of Gaspe, south of the 
estuary of St. Lawrence, there is a great thickness of sandstone, 
conglomerate, and shales, referable to the Devonian period, and rich 
in fossil ])lnnts. The conglomerates occur in massive beds, one 
of them being 156 feet thick, including pebbles of white quartz, 
black chert, jaspers of various colours, porphyries and limestones, 
with a base of sandstone. They contain fragments of jdants ami 
fish-spincs or Ichtliyodorulites of the genera Onchus and Mactictra^ 
canthnm. Above these beds occur sandstones and shales of great 
thickness, some of the sandstones being ripple-marked. Towards the 
upper ])art of the whole s(Ti(5s a small seam of coal has been observed 
with carbonaceous shahs measuring together about three inches ; if. 
rests on a bed of clay, in which are the roots of Psihphytoji (see 
tig. 518.), while steams and leaflets of the same plant an; met with 
in the shale above the coal, and in the carbonaceous ^halc associated 
with it. At several other levels strata much like tlu' fine clays of 
the ■CJjirboniferons ])eriod arc penetrated vertically by the rootlets of 
this same Psdophpton.^ 

^South Africa. — The researches of Mr. Bain and Mr. Rubidge, at 
the Cape of Good Hope, have established the existence of a large. 
Lower Devonian formation in that part of the southern hemisj>hcre. 
Curiously enough, the fauna is strictly represen tiitive of that in 
northern regions, even to minute coincidences. The late T)ani(.'I 
Sharpe and Mr. Salter described many species referjible to Trilobites, 
(Ilomnlonotus and Phacops\ Annelids {^Teutacnlites^ Mollusks, 
iCucullclia), and large species of i.rinoids allied to TUwdocrinus, 
&c., all of the same genera as those found in Cornwall and Germany. 

Vegetation of the Devonian Period, 

From the Avorks of Gdppert, Unger, and Broun, Ave learn that the 
fossil ])lants of the Devonian rocks in Europe resemble generically, 
Avith very fcAv exception.^, those of the coal-measures, and more 

* Report of Foster nnd Whitnoy on f Sir W. E. Logan, Report of Gcol. 
Gcol. of L. Superior, p. 302 ., Washing- Survey of Canada, p. 394 ., 1863 . 
ton, 1851 . 
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ample botanical data obtained from Canada and the United States 
lead to a similar conclusion respectincif the flora of the same age in 
America. Dr. Dawson, of Montreal, in an important memoir * on 
this subject, after ei^umerating thirty-two genera of Devonian plants 
and sixty-nine species collected in* the State of New York and in 
Canada, observes that they belong chiefly, as in the Carboniferous 
period, to Gymnosperms and Cryptogams. When we peruse his 
catalogue of Conijerce, SigiHaria, Calamites, Asterophgllites, LepU 
dodendra^ Lepidostrohi^ and ferns of the genera Cyclopteris, Ncn~ 
ropteris^ Sphenopteris, &c., together with fruits, such as Cardio- 
carpiim and Trigonocarpum^ wo might well suppose that we were 
presented with a list of carboniferous fossils; and,*if told that the 
species difierod, and that there was some admixture even of genera 
unknown in Europe, we might be inclined to ascribe such a want of 
agreement to geographical circumstances, and especially to the dis- 
tance of the New from the Old World. But fortunately the coal 
Jormation is most fully developed on the other side of the Atlantic, 
and is singularly like that of Europe, both lithologically and in a 
large proportion even of the species of its fossil plants. There is 
also the most unequivocal evidence of relative age afforded by super- 
position, for the Devonian striita in the United vStates are seen to 
crop out from beneath the carboniferous on the borders of P(*nn- 
sylvania and New York, where both formations are of great thick- 
ness. 

On compai’ing the species of the Middle Devonian in these coun- 
tries with those of the Middle Coal-Measures, we find them all dis- 
tinct, whereas some few species pass from the Upper Devonian into 
the Lower Carboniferous rocks. The genus most characteristic of 
the Devonian, and not found in the Coal, is one already alluded to, 
namely, Psilophyton, believed by Dr. Dawson to be a lycopodia- 
ceous plant, branching dichotomously (see P, prmceps, fig. 618. A), 
with stems springing from a rhizome, A h, which last has circular 
areoles, d c, much resembling those of Stigmaria, and like it sending 
forth cylindrical rootlets, as at A c. The extreme points of some, of 
the branchlets arc rolled up so as to resemble the croziers or circi- 
natc vernation of ferns, h ; the leaves or bracts, i, supposed to belong 
to the same plant, are described by Dawson as having enclosed tin? 
fructification. 'J'he remains of Psilopliyion princeps have beeji 
traced through all the members of the Devonian series in (Canada 
and the State of New York. Some under-clays in Gas])e an* fill(‘d, 
as already stated, with its vertical rootlets just as are the iin*- 
clays of the coa., both in Europe and America, with those of 
Stigmaria. 

One fragment of fossil wood, found some years ago by Professor 
Hall, in a Devonian limestone of the Hamilton group, on Lake? 
Erie, has, according to Dawson f, the structure of an angiospermous 

• Geol. Quart. Journ., vol. xv. p. 477., 1859 ; also vol. xviii. p. 296., 1802. 

t Ibid., vol. xviii. p. 305., 1862. 
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Fig. «I8. 



Psilophyton princcja. Dawson, Gcol. Quart. Jourii., vol. xv., 1H63; and Cannda Survey, 
Species characteristic of the whole Devonian period in North America. 

A. Psilophyton prinreps^ plait restored by Dawson. /. stem, twice natiir.il size. 

Ab. rhizome, nr underground root-like stein. y teimiiiatioii of branrhi'H. 

Ac. cylindrical rootlets. /t. crozi(‘r-like, or ciicinate vernation. 

d. rhizome. t. fructilicatiun. 

r. areolu of rhizome. 

exogen ; but with this single exception the American Devonian 
flora aflbrds. like the Carboniferous, no evidence of the existence of 
])lants of higher organization than the gyinnosperms. 

The monotonous character of the Carboniferous flora might ho 
explained by imagining that we have only the vegetation handed 
down to us of one set of stations, consisting of wide swampy flats. 
But Dr. Dawson supposes that the geographical conditions undei* 
which tlie Devonian plants grew were more varied, and had more ol 
an upland character. If so, the liiuitutloii of a flora represented hy 
so many genera and species to the gymnospermous and cryptogamous 
orders^ and the absence of plants of higher grade, admit of no 



DEVONIAN PERIOD. 


Ch. XXVI.] 


545 


explanation hitherto advanced save that afforded by the theory of 
progressive development. Nothing is known of the insects, land- 
shells, or other terrestrial animals which co-existed with this 
Devonian flora, but wo need not despair of future discoveries in 
this direction when we remember that slow as has been our pro- 
gress, wo have at length begun to learn something respecting the 
terrestrial fauna of the Coal period. 

Allusion has already been made to freshwater shells and to Lepi- 
dodendra and ferns (see figs. 585. and 586. p. 521.) found in Ireland 
associated with Devonian genera of fish. 


N N 
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CHAPTER XXVII. 

SILURIAN AND CAMBRIAN GROUPS. 

Silurian strata formerly called Transition — Term Grauwacke — Subdivisions of 
Up])cr, Middle, and Lower Silurians — Ludlow formation and fossils— Oldest 
known remains of fossil fish — Wonlock formation, eorals, cystidcans, trilobitcs — 
Middle Silurian or Llandovery Beds — Lower Silurian rucks— Caradoc and Bala 
Beds — Upper and Lower Llandeilo formations — Cystidese— Trilobites — Grapto- 
lites — Vast thickness of Lower Silurian strata, sedimentary and volcanic, in 
Wales — Foreign Silurian equivalents in Europe — Silurian strata of the United 
States — Amount of specific agreement of fossils with those of Europe — Canadian 
equivalents — Whether Silurian strata of dccp-sca origin — Cambrian rocks — 
(.Classification and nomenclature — Barrande’s primordial fauna — Upper Cam- 
brian of Wales — Tremadoc slates — Lingula flags — Lower Cambrian — Long- 
mynd group — Oldest organic remains known in Europe — Foreign equivalents of 
the Cambrian group — Primordial zone of Bohemia — Characteristic trilobitcs — 
^letamorphosis of trilobitcs — Alum schists of Sweden and Norway — Potsdam 
sandstone of United States and Canada — ^Footprints near Montreal— Quebec 
strata and Huroniau rocks — Minnesota trilobites — Rocks older than the Cam- 
brian— Laurentlan group, Upper and Lower — Oldest known fossil, Eozoon C««a- 
dense — No remains of vertebrate animals known in strata below the Upper 
Silurian — Progressive discovery of vertebrata in older rocks — Theoretical infer- 
ences from the rarity or absence of vertebrata in the most ancient fossilifcruus 
formations. 

We come next in the descending order to the most ancient of the 
primary fossiliftrous rocks, that series which comprises the greater 
]»art of the strata formerly called “ transition” by Werner, for rea- 
^ons explained in Chap. VIIL, pp. 91. and 93. Geologists were 
also in the habit of applying to these older strata the general name 
of “grauwacke,” by which the German miners designate a parti- 
oular variety of sandstone, usually an aggregate of small fragments 
of quartz, flinty slate (or Lydian stone), and clay-slate cemented to- 
gether by argillaceous matter. Fo'* too much importance has been 
attached to this kind of rock, as if it belonged to a certain epoch in 
the ejirth’s history, whereas a similar sandstone or grit is found in 
the Old Red, and in the Millstone Grit of the Coal, and sometimes 
ill certain Cretaceous and even Eocene formations in the Alps. 

The annexed table will expLiin to the reader the successive 
formations into wdiich the strata called Silurian by Sir Roderick 
Murchison may be subdivided : — 
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UPPER SILURIAN BOCK& 


1. Ludlow Formation. 


Upper 

Ludlow. 


Lower 

Ludlow. 


Prevailing Lithological 
Cliuracterii. 

f a. Doumton Sandstone, — Fine-grained yel- 
lowish sandstones and hard reddish 
grits ; at the base a “bone-bed ” with 
flsh rem.ains. 


Thickness 
iu Feet. 

r 

80 


Micaceous grey sandstone and mud- 
stone. 

Aymestry Limestone, — Argillaceous ■) 
limestone. ■> 

Lower Ludlow Shale Shale with cal- 

careous concretions, often of large size, i 


Organic Remains. 


Marine mol luscR of alino<t 
every order, the Rradiio* 
poda most abundant ; 
Ann(<lide8, CrinoideA.Aiid 
corals ; Placoid and Ga- 
noid fish (oldest remains 
or fish jet knou-n) ; a lew 
Graptnliios; C'nistarra of 
the Eury])turid order i 
Seaweeds. 


2. Wenlock Formation. 


Upper 

Wenlock. ^ mick-bedded limestone. 

^a, Wenlock Shale. — Argillaceous shale, 
j frequently fljigstonc. 

Lower I b, Woolhope Limestone and Denbighshire 
Wenlock. Grit, Argillaceous limestone and 
shale, sometimes replaced by felspathic 
sandstones and grit. 


Above 

3U00 


Marine Molliisca and Ra- 
diata ; Cru^t.'iL't'ans of 
the Trilobite and Euryp- 
tend nrdors ; Graptu- 
htei abundant. 


MIDDLE SILURIAN ROCKS. 
Llandovery Formation, 

fa, Tarannon Shale . — Purple or pale-co- ■> r 

' loured shales. j * 

IT b, May-Hill Sandstone and Pentamerus ^ 

1 1 V 'I Limestone. — Nodular limestone and 
. I 0 e y. I , calcareous sandstone, with r ^ ^ 

I underlying coarse grits, often rcd-co- ■ ® 

L loured. 

Llandovery Slates . — Hard sandstone and ^ 600 

ate, frequently with conglomerate to 
beds. 1000 


Lower 

Llandovery. 


'w lOU 

fLIani 


Crinoidea and corals ry 
abundant: Cystld(>ic;Mol- 
lusca, chiefly Crarhio- 

K oda: Pentamens lo’m 
einifcharacteristic ol the 
limestones. 


LOWER SILURIAN ROCKS. 


1. Caradoc Formation. 


Caradoc. 


( a. Caradoc Sandstone . — Shelly sand- 

stones and congloincrutes and shales. 
b, Bala Limestone. — Arenaceous lime- 
stone ; slate, and sandstones with trap- 
l. pcan tuffs. 


r Brachiopoda, numerous ; 
I Lamellibranchiata ; (V- 

I phalop< da ; Pterupuda 

1 0 non J ( Conviai ia) oflarge si/e j 
t'jstideBe, alnmd.'iiU ; 
Triloliitcs, reaching iheir 
maximum in species ; 
Graptulites numerous. 


2. Llandeilo Formation. 


Upper 

Llandeilo. 


f 


Upper Llandeilo — Dark-coloiircd slates, 
with calcareous flags and baudstones. 


Lower 

Llandeilo. 


b. Lower Llandeilo or Arenig Beds . — 
Quartzose 8and.stoncs and grits, with 
argillaceous slates. 


1000 

to 

1500 


I'MoIhisca, chiefly Ce* h.i- 
I bipods of large size; 
J Hetrropoda {Bellno- 
I plum) numerous ; (ira])- 
• ‘ tolites ; Trilobites ot 
L large size. 

rFo^sils of the same genor.i, 
but all differing in specirs 
I from those of tiie Uppur 
^ Llandeilo. Trilobites lui- 
j inerous; Graptohics ot 
I various species. 


. Volcanic Bocks contmporaneou/. with a. ^ rOrganic reinalni, as in a. 

am//;.— Stratified tuffs (3300 ft.): fels- j* 5800 J audA. 
puthic and porphyritic lavas (2.500 ft,). ^ 

H M 2 
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The name of Silurian was first proposed by Sir Roderick Mur- 
chison for that great series of fossilifcroiis strata which lie imme- 
diately ludow the Old Red Sandstone, and occupy that part of Wales 
and some contiguous counties of England which once constituted 
tlie kingdom of the Silures, a tribe of ancient Britons. 

UPPER SILURIAN ROCKS. 

1. Ludlow Formatmu 

This member of the Upper Silurian group, as will be seen by the 
above table, is about 800 feet thick, and subdivided into two parts 
— the Upper Ludlow and the Lower Ludlow — at or near the top of 
wliich last occurs the Aymestry limestone. Each of tbesc may he 
distinguished near the town of Ludlow, and at other places in 
Sliropshire and Herefordshire, by peculiar organic remains. 

Upper Ludlow, — a. Downton Sandstone . — This uppermost sub- 
division was originally classed by Sir R. Murchison, under the name 
of “ Tilcstones,” with the Old Red Sandstone, the beds being often 
of a similar red colour. The whole was regarded as a transition 
group forming a passage from the Silurian strata to Old Red Sand- 
stone ; but it is now ascertained that the fossils agreo in great part 
specifically, and in general character entirely, with those of tlu^ 
underlying Upper Ludlow rocks. Among those arc Orthocerns 
hnllatum, Platyschismn helicites^ Bellerophon trilohntus^ Chonetes 
lata^ &c., with numerous defences of fishes. These beds are well 
s<»on at IJ^ington in Herefordshire, and at Downton Castle near 
Ludlow, where they are quarried for building. 

Bone-hed . — The bone-bed of the Upper Ludlow deserves especial 
notice as affording the most <ancicnt example of fossil fish occurring 
in any considerable quantity. It usually consists of one or two thin 
brown layers full of bony fragments near the junction of the Old Red 
Sandstone and the Ludlow rocks, and was first observed by Sir R. 
Murchison, near the town of Ludlow, wlicro it is three or four 
inches thick. It has since been traced to a distance of 45 miles 
from that point into Gloucestershire and other counties, and is 
commonly not more than an inch tliick, but varies to nearly a foot. 
At May-IIill two bone-beds are obs'^rvablc, with 14 feet of interven- 
ing strata full of Upper Ludlow fossils.* At that point immediately 
above the upper fish-bed numerous small globular bodies have been 
found, which were determined by Dr. Hooker to be the sporangia 
of a cryptogaraic land-plant, probably ly copod iacexms. Tliese beds 
occur just beneath the lowest sti ita of the “ Old Red,” forming the 
uppermost part of the Downton sandstone. 

Most of the fish have been referred by Agassiz to his placoid 
order, some of them to the genus Onchus, to which the spine 
(lig. (319.) and the minute scales (fig. 620.) are supposed to belong. 


Murchison's Silnria, pp. 137-237. 
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It has been suggested, however, that Onclius may be one of those 
Acanthodian fish, referred by Agassiz to his Ganoid order, which 


Fig. 620. 

Onchus IrnutstrialHS^ Agass. Shagreen-scalei of n placold fish 

Bunu-bod. Upper Silurian ; Ludlow. {Thelodm). 

Bone-bed. Upper Ludlow. 

are so characteristic of the base of the Old Rod Sandstone in For- 
farshire, although the species of tlie Old Red are all different from 
those of the Silurian beds now under con- 
sideration.’*^ The jaw and teeth of another 
predaceous genus (fig. 621.) have also been 
d (‘tec ted, together with some specimens of 
rteraspis Ludensis. As usual in bone-beds, uone-btd. 
tli(i t(‘(‘th and bones are, for the most jiart, 
fragmentary and rolled. 

h. Grey Sandstone and Mudstone^ &c. — The next subdivision of the 
Upper Ludlow consists of grey calcareous sand.stone, or very coni- 
inoiily a micaceous stone, decomposing into soft mud, and contains, 
liesides the shells just quoted, a Linguldy which fe common to it and 
the Tilestonc ’* (or Ledbury) beds, at the base of the Old Red. 
'Flic Orthis orbicularis^ a round variety of 0. elegantula^ is charac- 
teristic of the Upper Ludlow ; «and the lowest or mudstone Ix'ds 
contain RhynchoneUa navicula (fig. 623.), which is common to this 


Fig. 619. 



Fig. 622. 


Orthis elcgantula^ Ualin. Var. orbicularis^ 
J. Sow. ])«‘lbury. 

Upper LuUlow. 


Fig. 623. 



Athyris {Hhynchonclla) navicula^ J. Sow. 
AvniCbtry Iiineitono ; also in 
Upper and Lower Ludlow. 




bed and the Lower Ludlow. As usual in strata of the Primary 
periods, older than the coal, the brachiopodous fiiollusca greatly 
outnumber the lamelli branchiate (see above, p. 538.) ; but the latter 
are by no means unrepresented. Among other genera, for example, 
we observe Avicula and Plerinea^ Cardiola^ Ctenodonta (subgenus 
of Nucula), Orthonotay and Modiola, 

Some of the Upper Ludlow sandstones are ripple-marked, thus 
affording evidence of gradual deposition ; and the same may be said 
of the accompanying fine argillaceous shales which are of great thicks 
ii(‘ss, and have been proviiicially named “ mudstones.” In some of 
these shales stems of crinoidea are found in an erect position, liaving 

* Powric, Gcol. Quart. Jouru., vol. xx. p. 438. 
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evidently become fossil on the spots where they grew at the 
bottom of the sea. The facility with which these rocks, when ex- 
posed to the weather, are resolved into mud, proves that, notwith- 
standing their antiquity, they are nearly in the state in which they 
w'ere first thrown down. 

Lower Ludlow, — a, Aymestry Limestone, — The next group is a 
subcrystalline and argillaceous limestone, which is in some places 
60 feet thick, and distinguished around Aymestry and at Sedgley 
by tlie abundance of Pentamerus Knightii^ Sow. (fig. 624.), also 


Fig. m. 



Pnitainertis Kuiehtit, How. A}uie«tr). | uat. size. 
a, view of both valves united. 

6 longitudinal suction through both valves, showing the central plates or septa. 


found in the Lower Ludlow. This genus of brachiopoda was first 
found in Silurian strata, and is exclusively a palajozoic form. 
The name was derived from pente, five, and /ifpof, mcros, a 
part, because both valves are divided by a central septum, making 
four chambers, and in one valve the septum itself contains a small 
chamber, making five. The size of tliesesephi is enormous compared 
with those of any other brachiopod shell ; and they must nearly have 
divided the animal into two equal halves ; but they are, neverthe- 
less, of the same nature as the septa or plates which are found in the 
interior of Spirifer^ Terehratuluy and many other 
shells of this order. Messrs. Murchison and De 
Verneuil discovered this species dispersed in 
myriads through a white limestone of Upper 
Silurian age, on the banks of the Is, on the 
ea.stern flank of the Urals in Russia, and a similar 
species is frequent in Sweden. 

Three other abundant shells in the Aymestry 
limestone arc, Ist, Lingula I^ewisii (fig. 625.); 2ii(l, 
lihynchonella fVUsoni, Sow. (fig. 626.), which is 
Lingula Lewt$it\ commoii to the Lower Ludlow and Wenlock 

Abbiduy Hills. limestone ; 3rd, Atrypn reticularis, Linn. (fig. 627.), 
which has a very wide range, being found in every 
part of the Upper Silurian system, and as fai’ down as the Lower 
Llandovery rocks. 

The Aymestry Limestone contains so many shells, corals, and 
trilobites, agreeing specifically with those of the subjacent Wenlock 
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Fig. 626. 



Rkynehofutla {Tertbratula) Wilsoni, Sow. Aymeitiy* 


Fig. 627. 



Airypa reticuiarts, Linn. {Terebratula Min. Con.) Aymestry. 

a. upper valve. b. lower valve, 

c. anterior margin of the vaivei. 


Fig. 628. 


limestone, that it is scarcely distinguishable from it by its fossils 
alone. Nevertheless, many of the organic 
remains are common to the Aymestry lime- 
stone and the Upper Ludlow, and severa 
of these are not found in the Wenlock.* 

According to Mr. Lightbody, the Ay- 
mestry limestone should be considered as 
subordinate to the Lower Ludlow shales 
next to bo mentioned, as in some places 
these shales with their characteristic fossils 
occur both above and below it.| 
b. Lower Ludlow Shale. — This mass is a 
dark grey argillaceous deposit, containing, 
among other fossils, many large chambered 
shells of genera scarcely known in newer />/iragmoc<T/i«pra/ricp«ttm,j. sow 
rocks, as the Phragmoa^as of Broderip, 
and the Trochoceras of Barrande (see 

figs. 628, 629.). The latter is partly straight and partly convoluted 
in a very flat spire. 

The Orthoceras Ludense (fig. 630.), as well as the cephalopod la!?t 
mentioned, is almost peculiar to this member of the series. 

A species of Graptollte, G. Ludensis^ Murch. (fig. 610. p. 556.), a 
form of zoophyte or polyp which has not yet been met with in strata 
above the Silurian, occurs plentifully in the Lower Ludlow. 



* Murchison's Siluria, p. 133. 
f Quart. Gcob Juurn., voLxix. p. 371., 1863. 
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Fig. C29. Fig. fi30. 



Trochoceras (Liiuita) gtganteuM, J. Sow. Fragment of Orthoceras Ludense, J Sow. 

Near Tmillow ; also in the Aymestry and Leintwardine, Shropshire. 

Wenlock limestones. ^ iiai. size. 

Starfish, as Sir R. Murcliison points out, are by no means rare iii 
the Lower Ludlow rock. Tliesc fossils present us with new g(‘iiera, 
but they remind us of various living forms now found in our Rritish 
seas, both of the families Asterladce and Ophinridee, 

Oldest known fossil fish . — In 1855, when the last edition of this 
work was published, I was unable to cite any cxamplo of a fossil 
fish older than the bone-bed of the Upper Ludlow, but in 1859 a 
specimen of Ptcraspis was found at Church Hill, near Leintwardine 
in Shropshire, by Mr. J. E. Lee of Cacrleon, F.G.S., in shale below 
the Aymestry limestone, as.sociated with fossil shells of the Lower 
Ludlow formation — shells which difler considerably from those cha- 
racterizing the Upper Ludlow already described. 

The genus Pteraspis, as wo have seen (p. 528.), is regarded by 
Prof. Huxley as allied to the Sturgeon, and th(*r(‘fore by no means of 
low grade in tho piscine class. Hence its detection in the rocks lower 
in tho series than those to which the earliest known vertebrata had 
previously been traced, is a fact of no slight interest ; for they 
who have full faith in the doctrine of progressive development will 
naturally expect to meet with the earliest vestiges of the piscine 
class in still more ancient strata. They may look, for example, in 
the Lower Silurian, or in the Cambrian rocks, for representatives of 
such orders as the Marsipobranchii and Pharyngobranchii, to which 
the Lamprey and Arnphioxus respectively belong. Professor Huxley 
remarks that some might argue that fish of those orders may be 
absent from the older rocks for tho same reason that they are 
entirely missing in all the newer ones, whether palaeozoic or neozoic, 
namely, because they are without b^iiy skeletons or hard scales.* 
But the same author reminds us that the Lampreys at least might 
have left some definite traces of their horny teeth. Besides, the 
advocates of progression would scarcely bo satisfied with such a 
way of accounting for the total absence of all traces of ichthyolites in 
.strata more ancient than the Uppe • Silurian, for, according to them, 
the earliest types of each class resembling the embryonic states of 
more highly organized beings, exhibit, when they are first developed, 
a great diversity of form and structure, as, according to their view, did 
the batrachoid reptiles before the true saurians came into existence, 
or the saurian.s before the placental mammalia had entered on the 
stage. Each primitive type, whether vertebrate or invertebrate, when 

♦ Memoirs of Survey Decade, vol. x. p. 40. 
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iirst it became dominant and had the world to itself, unchecked in 
its struggle for life by the competition of rivals of more advanced 
structure, deviated in shape and organization in an infinite variety 
of ways, sometimes imitating in certain of its characters beings of 
higher grade. Under favourable conditions of this kind, we might 
expect some members of the lamprey and Amphioxus orders to have 
exchanged a gelatinous or semi-cartilaginous spinal cord for an 
ossified one, or to have acquired hard and scaly dermal coverings, 
or even to have been armed with teeth of more than horny consis- 
tency, and this without departing from the types of their respective 
orders. Had any such fossils been found in very ancient rocks, the 
progressionists would certainly have claimed them trium]>hantly as 
<;orroborating their views, and they are therefore bound in fairness to 
draw, from the absence of such remains in ancient strata which teem 
with organic forms, one of two conclusions ; namely, either that the 
progressive theory is doubtful, or that we can place no reliance what- 
t:ver on negative evidence as establishing the non-existence ot 
cjertain types at remote eras. The latter is the alternative to which 
it apf)ears to me we ought to incline in the present state of our 
knowledge. 

2. Wenlock Formatioru 

We next come to the Wenlock formation, whidi has been divided 
(see Table, p. 547.) info the Upper Wenlock, or Wenlock Limestone, 
and tlie Lower Wenlock, including, first, the Wenlock shale, and 
secondly, the Woolhope limestone and Denbighshire grits. 

[Ipper Wenlock , — Wenlock Limestone , — This limestone, otherwise 
well known to collectors by the name of the Dudley limestone, forms 
a continuous ridge in Shropshire, ranging for 
about 20 miles from S.W. to N.E., about a 
mile di, slant from the nearly parallel escarp- 
ment of the Aymestry limestone. This ridgy 
})romiiionce is due to the solidity of the rock, 
and to the softness of the shales above and 
below it. Near Wenlock it consists of thick 
masses of grey subcrystalline limestone, re- 
plete with corals and encriiiites. It is es- 
sentially of a concretionary nature ; and 
the concretions, termed “ball-stones” in 
Shropshire, are often enormous, even 80 feet 
in diameter. They are of pure carbonate of 
lime, the surrounding rock being more or less 
argillaceous. oometimes in the JMalvern sd. syn cntempoim'srharonus. 
Hills this limestone, according to Professor lurwu. 

PJ fillips, is oolitic. 

Among the corals in which this formation is so rich, the “ chain- 
coral,” 11 aly sites eatcnularius^ or CtJenipora escharoides (fig. 631.), 
may bo pointed out as one very easily recognized, and widely spread 
in Europe, ranging through all parts of the Silurian group, from 

Kiliirin_ rlian. vi. 
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the Aymestry limestone to near the bottom of the series. Another 
coral, the Favosites Gothlandica (fig. 632.), is also met with in pro- 
fusion in large hemispherical masses, which break up into prismatic 
fragments, like that here figured (fig. 632.). Another common form 
in the Wenlock limestone is the Omphyma (fig. 633.), which, like 


Fig. 632. 


Fig. 633. 



I 



Favosites Gothlandica, Lam. Dudley. 

a. portitin of a large mass ; leas than the 

natural size. 

b. magnified portion, to show the pores 

and the partitions ui the tubes. 


Omphyma turbinatum, Linn. tp. 

(Cyathophyltum, Goldf.) 
Wenlock Limestone, Shropshire. 



many of its companions, reminds us of some modern cup-corals, but 
all the Silurian genera belong to the palaeozoic type before men- 
tioned (p. 511.), exhibiting the quadripartite arrangement of the 
lamellas within the cup. 

Among the numerous Crinoids, several peculiar species of Cya* 
thocrinus (for genus, see figs., p. 513.) contribute their calcareous 
stems, arn^ and cups towards the composition of the Wenlock lime- 
stone. OTOystideans there are a few very remarkable forms, some 
of them peculiar to the Upper Silurian formation, as, for example, 
the PseudocriniCes, which was furnished with pinnated fixed arms*, 
as represented in the annexed figure (fig. 633.). 

The Brachiopoda are, many of them, of the same species as those 
of the Aymestry limestone ; as, for example, Atrypa reticularis (fig. 
627. p. 551.), and Strophomena depressa^ Sow. sp. (fig. 635.) ; but 


Fig. 634. 



PseudoeriniUs bifaseiatus, Pearce. 
Wenlock Llmeitone, Dudley. 


* £. Forbes, Mem. Gcol. Survey, vol. ii. p. 496. 
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the latter species range also from the Ludlowr rocks, Wenlock shale, 
and to the Caradoc Sandstone. There are some species, however, 
peculiar to the Upper Wenlock, of the genera Rhynchonella^ Retzia^ 
Spirifer^ Athyris, &c. 

The Crustaceans are represented almost exclusively by Trilobites, 
which are very conspicuous. The Calymene Blumenhachiiy called 
the “ Dudley Trilobite,” was known to collectors long before its true 
place in the animal kingdom was ascertained. It is often found 
coiled up like the common Oniscus or wood-louse, and this is so 
common a circumstance among the trilobites as to lead us to conclude 
that they must have habitually resorted to this mode of protecting 
themselves when alarmed. The other common species is the Phacops 
caudatus (^Asaphus caudaius)^ Brong. (see flg. 637.), and this is con- 
spicuous for its large size and flattened form: Sphcerexochus mirus 
(lig. 6*38.) is almost a globe when rolled up, the forehead of this species 


Fig. 637. 



Phacopi (AtapAus) cauMus, Brong. 
;'Wcnlock, Ayineitry, anit Ludlow rucks. 


being extremely inflated. The Ilomalonoius, a form of Trilobite in 


which the tripartite division of the dorsal crust 
is almost lost (see fig. 639.), is very characteristic 
of this division of the Silurian series ; and there 
are numerous other genera and species. 

Lower WenlocK — n. Wenlock Shale. — This, ob- 
serves Sir R. Murchison, is infinitely the largest 
and most persistent member of the Wenlock 
formation, for the limestone often thins out 
and disappears. The shale, like the Lower Lud- 
low, often contains elliptical concretions of im- 
pure earthy limestone. In the Malvern district 
it is a muss of finely levigated argillaceous matter, 
attaining, according to Prof. Phillips, a thickness 
of 640 feet, but it is sometimes more than 1000 feet 
thick in Wales, and is worked for flagstones and 
slates. The prevailing fossils, besides corals and 
trilobites, and some crinoids, are several small 
species of OrthiSy Cardiolay and numerous thin- 
shelled snecies of Orthoeeratites. More than one 


Fig. 639. 



Homaionotus delphinore- 
phaluSt Konig. Dudley 
Castle. |Dat. sue. 
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. species of Graptolite, a group of 

zoophytes before alluded to as being 
coiiiincd to Silurian rocks, is very 
^'Tu“n abundant in this shale, and occurs 

more sparingly in “the Ludlow.” 
Of these fossils, which are more characteristic of the Lower Silurian, 
J shall again speak in the sequel (p. 561.). 

b. IVoolhope Limestone and Grit — Though not always recognized 
as a separate subdivision of the Wenlock, the Woolhope beds which 
underlie the Wenlock shale are of great importance. Usually they 
occur as massive or nodular limestones, underlaid by a fine shale or 
fiiigstoiie ; and in other cases, as in the noted Denbighshire sandstones, 
as a coarse grit of very great thickness. This grit forms mountain 
ranges through North and South Wales, and is generally marked by 
tlie great sterility of the soil where it occurs. It contains the usual 
AVeulock fossils, but with the addition of some common in the 
uiipermost Ludlow rock, such as Chonetes lata and Belle/ ophori 
trilobatus,* The chief fossils of the Woolhope limestone are Ilhtnus 
BarriensiSf Ilomalonotus delphinocephalus (fig. 639.), Strophomena 
tmbrex, and Rhyncho/iella Wilsoni (fig. 626.). The latter attains 
in the Woolhope beds an unusual size for the species, the speei- 
inens being sometimes twice as lai’ge as those found in the Wenlock 
limestone. 


MIDDLE SILURIAN ROCKS. 

Upper Llandovery, — a, Tarannon a-Next below the Wen- 

lock formation are found iji some places 'the Tarannon shales or 
j)Mle slates, sometimes purple, which are of small thickness near 
Llandovery^ but acquire large dimensions at -Tarannon in Mont- 
gomeryshire, being, according to Ramsay, about 1000 feet thick in 
that locality ; according to Mr. Jukes and Mr. Avelinc, they form 
a band of great persistence, extending from Llandovery, through 
Radnor and Montgomery, to North Wales. Fossils are rare in 
them, and most of them are of species common to the Wenlock for- 
mation. 

5. May •Hill Sandstone, — Next in descending order comes the 
May-Hill sandstone, which may be advantageously studied at May- 
Hill in Gloucestershire and in the Malvern and Abberley Hills; its 
)>osition was first accurately determined by Prof. Sedgwick, who 
considered it as the true base of the Upper Silurian rocks. In the 
Malvern range it attains a thickness of 600 feet. These beds were 
formerly called Upper Caradoc, when they were supposed to be part 
of the Caradoc formation, to be mentioned in the sequel ; but this 
nomenclature has been abandoned for good reasons, with which 1 
need not here detain the reader. They are named Upper Llan- 
dovery by Sir R. Murchison in the last edition of his “ Siluria.” Con- 
jointly with the Lower Llandovery rocks, they have been called the 

* Sedgwick, Quart. Gcol. Journ., vol. i. p. 20., 1845. 
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Pentamems beds, bocaiiso Pentamerus latvis is very abundant in 
them, a brachiopod wanting both in the Upper and Lower Silurian. 
It is usually accompanied by P. oblongus^ which some zoologists 

Fig. 641. 


Pentamerus hevis^ Sow. Upp**r and Ijower Llandovery beds. 

Perhaps the young of Pentamerus obiongus. 

If, b. virwi of the shell itself, from fifinres in MiirrhUon’ii ** Silurian System.” 

c. cast with portion ol shell remaining, and with the hollow of the central septum filled with 

spar. 

d. internal cast of a valve, the sr«co once occupied by the septum being represented by a hollow 

in which is seen a ca»C of the chamber within the septum. 

consider as the young of P, Itr.vis, others as a distinct species : both 
forms have a wide geographical range, being also met with in the 
same part of the Silurian series in Russia and the United States. 

The May-Hill or Upper Llandovery group sometimes consists of 
a conglomerate, but oftener of limestones and shales, especially in 
the upper part. It ranges from the skirts of the Longmynd by 
Ruilth, Llandovery, and Llandeilo, to the sea in Marlow’s Bay, 
where it is particularly Avell exhibited in the clifls. The con- 
glomerate is derived from the waste of the Lower Silurian rocks. 
About sixty species of fossils are known in the May-Hill division, 
more than half of which are, according to Mr. Salter, Wenlock 
species. They consist of trilobites of the genera IU<pnus and Caly^ 
mene; Brachiopods of the genera Orthis, 

Atrypa, Leptcena^ Penlamerus^ Stropho^ 
inena^ and others ; (xasteropods of the 
genera Turbo^ Murchisonia^ and Belle- 
Tophon; and Pteropods of the genus 
Conularia. The Brachiopods are al- 
most all Upper Silurian species. 

Amonff the fossils of the May-Hill ai/ww/rt/Mj, schiot. 

HT 1 m I iiiiTior casts in sandstone. 

Slielly SandstOnO at JVialVCril, lentneu- upper r.lamlovery and Camdoc sand. 

//Vm annulatus (fig. 642.), an annelid ‘‘“"'kar ir. 
probably allied to Serpnla, is found. 

It is also abundant in the Caradoc or Lower Silurian. 

Llandovery Rocks (Lower Llandovery of Murchison). — Below the 
May-IIill group are the Llandovery Rocks, so named from a town 
in South Wales, where they are well developed and where they arc 


Fig. 613. 
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overlaid unconform ably by the equivalent of the May-Hill sandstone. 
They consist chiefly of hard slaty rocks, with bands of sandstone 
and beds of conglomerate from 600 to 1000 feet in thickness. The 
fossils, which are somewhat rare, consist of twenty-eight known 
species, some few peculiar, a part agreeing with the May-Hill beds 
and the rest, sixteen in number, belonging to Lower Silurian* species ; 
j)Osides these, no less»than fifty-four species of fossils are given by 
Sir R. Murchison as common to the Lower Silurian (Caradoc) and 
the Wenlock formations, and we cannot doubt that all these existed 
in the intermediate Llandovery and May-IIill periods. 

The whole May-Hill and Llandovery series has been considered 
by some geologists as constituting beds of passage between the 
Lower and Upper Silurian, while others have assigned to it the 
rank of a Middle Silurian group. It may, with some reason, be 
objected that the number of peculiar fossils are not sufiicient to 
entitle it to so important a distinction ; but there is no small diffi- 
culty at present in adopting any other classification. The two for- 
mations, the May-Hill and the Llandovery, are intimately connected 
by their fossils, the Lower having about two-thirds of its species 
common to the Upper zone. Again, half the species of the Llandovery 
j)ass down into the Lower Silurian, just as half the May-Hill 
species pass up into the Wenlock. In England we might draw the 
line, as Sir R. Murchison inclines to do, between Upper and Lower 
Silurian by classing the Mcay-Hill with the higher division, and the 
Llandovery with the lower ; but in countries where there is no un- 
conformability of strata between the two zones, such a line of 
demarcation between the middle of the Pentamerus beds would be 
impracticable. It has been sometimes suggested that we might form 
a better tripartite division of the Silurian rocks by including the 
Wenlock with the May-Hill and Llandovery beds as a middle 
group, classing the two Ludlow formations as Upper, and the Cara- 
<loc and Llandcilo formations as Lower Silurian ; * but I am not 
])repared to adopt so great a change in the generally-received classi- 
fication. 


LOWER SILURIAN ROCKS. 

Caradoc and Bala Beds, — The Lower Silurian has been divided 
into — 1st, Caradoc Sandstone and Bala Beds; 2ndly, the Llandcilo 
Flags ; and 3rdly, the Lower Llaudeilo or Arenig formation. The 
Caradoc sandstone was originally so named by Sir R. I. Murchison 
from the mountain called Caer Caradoc in Shropshire ; it consists of 
shelly sandstones of great thickness, and sometimes containing much 
calcareous matter. The rock is frequently laden with the beautiful 
trilobite called by Murchison Trinucleus Caractaci (see fig. 647. 
j). 559.), which ranges from the base to the summit of the forma- 
tion, usually accompanied by Strophomena grandis (see fig. 645.), 
and Orthis vespertilio (fig. 644.), with many other fossils. 


* See Report of Canada Survey Tabic of Equivalents, p. 932., 18C3. 



Ch. XXVII.] 


CARADOC AND BALA BEDS. 


559 


Fig. 643. 



Otthis tricenaria^ 
Hall. 

New York. Canada. 
^ nat. size. 


Fig. 644. 



Orthis vesperiiliOt Sow, 
Shropfihire ; N. and 
S. Walei. 
i nat.ilze. 


Fig. 645. 



Strophomena (Orthig) grandts, Sowerby. 
§ nat liie. 

Horderly, Shropshire ; alio Coniston, 
Lancashire. 


Burmeister, in liis work on the organization of trilobites, supposes 
them to have swum at the surface of the water in the open sea and 
Tiear coasts, feeding on smaller marine animals, and to have had the 
power of rolling themselves into a ball as a defence against injury 
He was also of opinion that they underwent various transformations 
analogous to those of living crustaceans. M. Barrande, author of an 
admirable work on the Silurian rocks of Bohemia, confirms the 
doctrine of their metamorphosis, having traced more than twenty 
species through different stages of growth from the young state just 
after its escape from the egg to the adult form. He has followed 
some of them from a poinj in which they show naeyes, no joints to 
the body, and no distinct tail, up to the complete form with the full 
number of segments. This change is brought about before the 
animal has attained a tenth part of its full dimensions^ and hence 
such minute and delicate specimens are rarely met with. Some of 
bis figures of the metamorphoses of the common Trinucleus are 
copied in the annexed wood-cuts (figs, 646, 647.). 

Fig 647. 


Fig. G4G. 

a b e 

9 / 9 \ Kf-aeoa.. 

Young individuals of Trinucleus con" 
cc7ilricus ( T. omatuSy Barr. ). 
o. 3 ’oungest state. Natural size and 
inHgnifled : the body rings not 
at all developed. 

h. .1 little older. One thorax joint. 
c. still more advanced. Tnree thorax 
Joints. The fourth, flfih, and 
sixth segments are successively 
produced, probably each time 
the animal moulted Its crust. 



Trinucleus conemtricus, E.iton. 

Syn. T. 6Vrrac/oci, Murch. 

N. Ireland; Wales; Shropshire; N. America 
Bohemia. 


In Mr. Salter’s monograph of the British trilobites, he expresses 
his opinion that their habit was to live on the sea-bottom and devour 
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Fig. G48. 


the silt charged with organic matter as soa-worms do, or else, 
possibly, to devour the worms themselves. He supposes the trilobite 
to have had no jaws, and to have been provided with a suctorial 
mouth.* 

It has been ascertained that a great thickness of slaty and crys- 
talline rocks of South Wales, as well as those of Snowdon and Bala 
in North Wales, which were first supposed to be of older date than 
the Silurian sandstones and mudstones of Shropshire, are in fact 
identical in age with the Caradoc formation now under considera- 
tion, and contain the same organic remains. At Bala in Merioneth- 
shire, a limestone rich in fossils occurs, and below it sandstones 
some thousands of feet in thickness. In this limestone several rare 
starfishes are found, and abundance of those peculiar bodies called 
CystidcB. These last are amongst the most recent additions made by 
pala 3 ontologista to the Radiafa. Their structure and relations were 
first elucidated in an essay published by Von Buch at Berlin in 
1845. They are the Sphtsronites of old authors, and are usually 
met with as spheroidal bodies covered with polygonal plates, with a 
mouth on the upper side, and a point of attachment for a stem 

(which is almost always broken off) on 
the low'cr (fig. 648. b). They w^ere con- 
sidered by Professor E. Forbes as inter- 
mediate between the crinoids and echi- 
noderms. The JEchirfospbceromte here 
represented (fig. 648.) is characteristic 
of the Caradoc beds in Wales and of 
their equivalents in Sweden and Russia. 

With it have been found several other 
genera of tho same fiimily, such as 
Spheeromtes, Hemicosmites, ifee,. Among 
the mollusca are Pteropods of the genus 
Conullaria of large size (for genus, see 
fig. 611. p. 536.); Graptolites are rare, 
except in peculiar localities where black 
mud abounds. The formation, when traced into South Wales and 
Ireland, assumes a greatly filtered mineral aspect, but still retains 
its characteristic fossils. In Tyrol it is especially rich in organic 
remains.^ It is worthy of remark that, when it occurs under the 
Ibrm of trappean tuff (volcanic ashes of Do la Bechc), as in the crest 
of Snowdon, the peculiar sp(?cies which distinguish it from the 
Llandeilo beds are still observable. The formation generally appears 
to be of shallow- water origin, and in that respect is contrasted 
with the group next to bo described. Professor Ramsay estimates 
the thickness of tho Bala Beds, including tho contemporaneous 
volcanic rocks, stratified and unstratified, as being from 10,000 to 
12,(X)0 feet in thickness. 

Llandeilo Flags . — Tho Lower Silurian strata were originally 



Echino*phfcritrs hallicus, Kirhwald, sp. 
(Oi chc family CystidciB.) 

a. mouth. 

b. point of attflchment of stem. 
Lower Silurian, S. and N. Wales. 


* Palccontographica, voL xvi. p. 9., and Mem. Geol. Siirv., vol. ii. p. 518. 
] 804 . t Sec Portlock’s Report of Loridoii- 

j- Quart. GgoI. Journ., vol. vii. p. 11.; tlcrry, 1843. 
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divided by Sir R. Murchison into the upper group already described, 
under the name of Caradoc Sandstone, and a lower one, called, from 
a town in Caermarthenshire, the Llandeilo flags. The last-men- 
tioned strata consist of dark-coloured micaceous flags, frequently 
calcareous, with a great thickness of shales, generally black, 
below them. The same beds are also seen at Builth in Radnorshire, 
and here they are interstratifled with volcanic matter. 

A still lower part of the Llandeilo rocks consists of a black cai - 
bonaceous slate of great thickness, frequently containing sulphate of 
alumina, and sometimes, as in Dumfriesshire, beds of anthracite. 
It hasabeen conjectured that this carbonaceous matter may be due in 
groat measure to large quantities of embedded animal remains, foi* 
the number of Graptolites included in these slates was certainly very 
great. I collected these same bodies in great numbers in Sweden and 
Norway in 1835-6, both in the higher and lower graptolitic shales 
of the Silurian system ; and was informed by Dr. Beck of Copen- 
hagen that they were fossil zoophytes related to the Virgnlaria and 
Pennatula^ genera of which the living species now inhabit mud and 
slimy sediment. Some of our most eminent naturalists still hold to 
this opinion, others refer them to Bryozoa. 


FIr. GiO. 



Dtdymograpgus ( Graptolitet) 
Murcmsimii^ Beck. 
Llandeilo flags. Wales. 


Fig. G.-SO. 


Dipby^aptus prMhs 
Hlsiiigcrt sp. 

Shropshire ; Wales ; Sweden, &c. 
Llandeilo flags. 


Fig. GM. 


Fig. 65*2. 


Raitritci perfgrinuM^ Barrande. 
Scotland ; Bohemia ; Saxony. 
Llandeilo flags. 


Diplograpsus folium t Hl-ss nger . 
i>uin(riesshlrc ; Sweden. 
Llandeilo flags. 



The brachiopoda of the Llandeilo flags, which are very abundant, 
are in the main the same as those of tlie Caradoc Sandstone, but 
tlie other mollusca aro in great part of different species. 

In Europe generally, as, for example, in Sweden and Russia, no 
shells are so characteristic of this formation as Orthoceratite.s, 
Usually of great size, and with a wide siphunclc placed ou one 
side instead of being central (see fig. 653.). The same form also 
occurs in the Bala beds in England. Among other Cephalopods in 
the Llandeilo flags are Lituites (see fig. 629.) ; in the same beds also 

o o 
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are found Bcllerophon (see fig. 577. p. 516.) and some Pteropod shells 
i^Coniilariu, Theca, &c.), also in spots where sand abounded lamelli- 



Orthoceras duplex^ Wahlenberg. Russia and Sweden. 

(From Murchison’s “ Siluria.”) 

a, lateral siphnncle laid bare by the reinoful of a portion of the r liambered shell# 

b. cuiitiiiudtiun ol the same seen in a transverse section of tlie shell. 

branchiate bivalves of large size. The Crustaceans were plentifully 
lepreseuted by the Trilobites, which appear to have swarmed in the 
Silurian seas just as crabs and shrimps do in our own. The genera 
Asaphus (tig. 654.), Oyygia (fig. 655,), and Trinucleus (tigs. 646, 
647.) form a marked feature of the rich and varied Trilobitic fauna 
of this age. 


Fig. C51. 



Asaphus tyrannus, Muroh. 
Lluiuleilo ; Bishop’s Castle, tkc. 


Fig. C.i5. 



Ogtfpia Ifuchfi, Biirm. 

Syii, Asaphus Buchii^ Ilrongn. 

Builth, Radnorshire i Liundcllo, Caermarthenshire 


Beneath the black slates above described of the Lhindeilo forma- 
tion, graptolites are still found in great variety and abundance, and 
the characteristic genera of shells and trilobites of the Lower 
Silurian rocks are still traceable downwards, in Shropshire, Cum- 
berland, and North and South \v ales, through a vast depth of shaly 
beds, interstratitied with trappean formations of contemporaneous 
origin ; these consist of tufl's and lavas, the tuffs being formed of 
such materials as are ejected from craters and deposited immediately 
on the bed of the ocean, or washed into it from the land. According 
to Professor Kamsay, their thickness is about 3600 feet in North 
Wales, including those of the Lower Llandeilo. The lavas arc 
felspiithic, and of porjdiyritic structure, and, according to the same 
authority, of an aggregate thickness of 2500 feet. 

Loiver Llavdeilo Formation, Murchison; Areniq^ Sedgwick. — 
Next in the descending order are the shales and sandstones in whicJi 
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the qucartzoso rocks called Stiper-stones in Shropshire occur. When 
the term Silurian was given by Sir li. Murchison, in 1835, to th* 
whole series, he considered tlio Stiper-stones as tlie base of the Si- 
lurian system, but no fossil fauna had then been obtained, such as 
could alone enable the geologist to draw a definite line between this 
member of the series and the Llandeilo flags above, or a vast thickness 
of rock below which was seen to form the Longniynd hills, and was 
called “ unfossiliferous gray wacke.” Professor Sedgwick had de- 
scribed strata now ascertained to be of the same age as largely de- 
veloped in the Aren ig mountain in Merionethshire, in 1843, and the 
Skiddaw slates, studied by the same author, were of corresponding 
date, though the number of fossils was, in both cases, too few for 
the determination ofjiheirtrue chronological relations. The subse- 
<iuent researches of MM. Sedgwick and Ilarkriess in Cumberland, and 
of Sir R. L Murchison and the Government surveyors in Shropshire, 
have increased the species to more than sixty. These have been 
examined by Mr. Salter, and shown in the last edition of “ Siluria,” 
(p. 52, 1859,) to be quite distinct from the fossils of the overlying 
Llandeilo flags. Among these the Lingula jilunibca, JEglina binodosuy 


Ogggia Selwgnii, and Didgmo^ 
grapms geminus (fig. 656.), and 
D. hirundOy are characteristic. 

In reference to the classifica- 
tion of the Silurian rocks, two 


• Fijf. (;r,6. 



Dtdymvfirapsus aenuntit, Hisinger, sp. 
Sweden. 


(luestions have been raised ; first, whether the Lower Silurian, com- 
prising the Caradoc and Llandeilo beds already described, should be 
separated from the Upiier Silurian under some new title, 8U(;h sis 
C’ambro-Silurian ; and secondly, whether, if we reject this, the 
Anuiig or Stiper-stones group (Lower Llandeilo of Murchison) 
should be regarded as the base of the Lower Silurian or as the top 
of a distinct and older series. In reference to the first question Sir 


R. Murchison, in his important work above cited*, has given a list of 
no less than fifty or sixty species of fossils (of which specimens had 
been examined either by Mr. Salter or Prof. McCoy), all common to 
the Upper and Lower Silurian strata, or, in other words, which, 
being found in the (Jaradoc, are also met with in the Weiilock 
formation. The range upwards of so many species from the inferior 
to the superior group shows that, iudepeiidcntly of the link supplic<l 
by the Llandovery or Middle Silurian, there is such a connection 
between the two principal divisions (Upper and Lower Silurian,) as 
makes it natural to assign the whole to one great system. To 
attempt, therefore, to give a new name to the Llandeilo beds, or to 
call them Cambrian or Cambro^ iSilurian, as has l*een proposed, 


would be to act in violation of the ordinary rules of classification, 
and would create much confusion by disturbing a nomenclature long 


* Siluria, p. 485. 
o o 2 
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recoived and originally established, by Sir R. L Murchison, on well- 
defined pala 3 ontological and stratigraphical data. 

As to the second question, whether a line should not be drawn 
between tiie Llandeilo flags and the subjacent Stiper-stones or Arenig 
group, more may be said in its favour, since while so many species 
pass from Lower to Upper Silurian, there are none, according to 
Mr. Salter, which pass down from the Llandeilo flags or Upper 
Llandeilo, into the Arenig or Lower Llandeilo beds. But, although 
tlie species are distinct, the genera are the same, as those which 
characterize the Silurian rocks above, and none of the primordial or 
Cambrian forms, presently to be mentioned, are intermixed. This 
Arenig group may therefore be conveniently regarded as the base 
of the great Silurian system, which, by the thickness of its strata 
and the changes in animal life of which it contains the record, is 
more than equal in value to the Devonian, or Carboniferous, or other 
principal divisions, whether of primary or secondary date. 

It would be unsafe to rely on the mere thickness of the strata, 
considered apart from the great fluctuations in organic life which 
took place between the ora of the Llandeilo and that of the Ludlow 
formation, especially ^ the enormous pile of Silurian rocks observed 
in Great Britain, and especially in Wales, is derived in great part 
from igneous action, and is not confined to the ordinary deposition 
of sediment from rivers or the waste of cliffs. 

In volcanic archipelagoes, such as the Canaries, wc sec the most 
active of all known causes, aqueous and igneous, simultaneously 
at work to produce gi'eat results in a comparatively modenitc 
lapse of time. The outpouring of repeated streams of lava, — the 
showering down u^wn land and sea of volcanic ashes, — the sweep- 
ing seaward of loose sand and cinders, or of rocks ground down 
to pebbles and sand, by rivers and torrents descending steeply in- 
clined channels, — the undcTmiiiiiig and eating away of long lines 
of sea-cliff exposed to the swell of a deep and open ocean, — these 
operations combine to produce a considerable volume of superimposed 
matter, without there being time for any extensive clmnge of species. 
Nevertheless, there would seem to be a limit to the thickness of 
stony masses formed even under such favourable circumstances, for 
the analogy of tertiary volcanic regions lends no countenance to the 
notion that sedimentary and igneous rocks 25,000, much less 45,0(X) 
feet thick, like those of Wales, ould originate while one and the 
same fauna should continue to people the earth. If, then, wc allow 
tliat about 25,000 feet of matter may be ascribed to one system, such 
as the Silurian, as above dcscrib(*d, we may be prepared to discover 
in the next series of subjacent rocks, a distinct assemblage of species, 
or even in great part of genen., of organic remains. Such appears 
to be the fact, and I shall therefore conclude with the Lower Llsin- 
deilo or Arenig beds, my enumeration of the Silurian formations in 
Great Britain, and proceed to say something of their foreign 
equivalents, before treating of rocks older than the Silurian. 
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SILUKIAN STRATA OF THE CONTINENT OF EUROPE. 


When we turn to the Continent of Europe, we discover the same 
ancient series occupying a wide aresi, but in no region as yet has it 
been observed to attain great thickness. Thus, in Norway and 
Sweden, the total thickness of strata of Silurian age is scarcely 
equal to 1000 feet*, although the representatives both of the 
Upper and Lower Silurian of England are not wanting tliere, and 
even some beds of schist have been included which, as we shall 
hereafter see, lie below the Llandeilo group. In Kussia the Silurian 
strata, so far as they are yet known, seem to be even of smaller 
vertical dimensions than in Scandinavia, and they appear to consist 
chiefly of Middle and Lower Silurian, or of a limestone containing 
rentnmerm oblongus^ below which are strata with fossils corre- 
sponding to those of the Llandeilo beds of England. The lowest rock 
with organic remains yet discovered is “the Ungulitc or Obelus grit*’ 
of St. Petersburg, probably coeval with the Llandeilo flags of Wales. 

The shales and grits near St. Petersburg, above alluded to, contain 
green grains in their sandy layers, and are in a singularly unaltered 
state, taking into account their high antiquity. The prevailing 
brachiopods consist of the Oboltis or Ungulitc of Pander, and a 
^yhonotreta (ligs, 657, 658.). Notwithstanding the antiquity of 


fiht'Hs oj the lowest known Fossilifvtous Beds tn Russia, 


Fig. G57. 



Siphono/rcht unguiculiila, Kichwald, 
From ilu* Lowe-.t Siluri.in S.imlHiuue “ Obotus 
grits,” of Petersburg. 

I/, outside of iierforuted vulve. 
b. inii'nor ut same, showing the termination of 
the foramen within. (D.^vidsun.) 


Fig. C.S8. 



Ubo/us Apollmis, I'h’chwald. 

Fiomlhe suine localii}. 
a. interior of the i.irger or vennal valve. 

A. exterior of the upper (doiMll valve. 

( Davidson, ” Palieontugriiph. Monog.") 


this Russian formation, it should Ihj stated that both of these genera 
of brachiopods have been also found in the Upper Silurian ol' 
England, i.e. in the Dudley limestone. 

Among the green grains of the sandy strata nbove mentioned, 
Prof. Ehrenbcrg has announced (1854) his discovery of remains of 
loraminifcra. These jire casts of tlie ctdls ; and amongst five or six 
forms three are considered by him as referable to existing genera 
(e. g. Textularia, lioCalia, and Guttulinay 


SILURIAN STRATA OP THE UNItED STATES. 

The position of some of these strata, wiiere they are bent and 
!iighly inclined in the Appalachian chain, or w’here they are nearly 


^ Murchison’s Siluria, p. 321. 
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liorizontal to tlie west of that chain, is shown in the section, fi<». 552. 
p. 494. But tlicse formations can be studied still more advanta- 
j^oously north of the same line of section, in the States of New York, 
Ohio, and other regions north and south of the great Canadian lakes. 
Here they are found, as in llussia, nearly in horizontal position, and 
are more rich in well-preserved fossils than in almost any spot in 
Europe. In the State of New York, where the succession of the 
beds and their fossils have been most carefully worked out by t lie 
Government Surveyors, the subdivisions given in the first column 
of the annexed list have been adopted. 


Subdivisions of the Silurian Strata of Npao York. {Strata below 
the Orishaiiy Sandstone^ see Table, p. 539.) 


New York Names. 

1. Upper Pcntameriis Limestone 

2. Enciinal Limestone 

.3. Delthyris Shaly Limestone 
4. Pentaincrus and TentaeuUte 
Limestones 
r>. Water Lime Group 
0. Onondaga Salt Group 

7. Niagara Group 

8. Clinton Group 

9. Medina Sandstone 

10. Oneida Conglomerate 

11, Grey Sandstone 

12 Hudson River Group 
18. Utica Slate 
14. Trenton Limestone 
1 f). Black-River Limestone 
le;. Bird’s-Eye Limestone 

17. (]hazy Limestone 

18. Calciferous Sandstone 

19. Potsdam Sandstone 


British Kquivaicnts. 


[.Upper Silurian (or Ludlow and 
I Wculock Formations). 


1 Middle Silurian (or May-Hill and 
j Llandovery Groups). 


I Lower Silurian (or Cam doc and 
{ Up})cr and Lower Llandeilo). 


Upper Cambrian, 


In the second column of the sunuHable I have added the supposed 
British equivalents. All palaeontologists, European and American, 
such as MM. de Verneuil, D. Sharpe, Prof. Hall, E. Billings, and 
others, who have entered upon this comparison, admit that there is 
:i marked general correspondence in the succession of fossil forms, 
and even species, as we trace the organic remains downwards from 
the highest to the lowest beds ; but it is impossible to parallel each 
minor subdivision. In regard to the three following points there is 
little difference of opinion. 

1st. That the Niagara Limestone, No. 7., over which the river of 
that name is precipitated at ihe great cataract, together with its 
underlying shales, corresponds to the Wenlock limestone and shale of 
England. Among the species common to this formation in America 
and Europe are Calymene Blumenhachii^ liomalonotus delphinoce- 
phalus (fig. 639. p. 555.), with several other trilobites ; RhynchonelUt 
Wilsoni, and Retzia cuneata ; Grthis elegantula, Pentarnerns ga- 
lealuSy with many more brachiopods ; Orthoccras annulatuniy among 
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the ccphalopodous shells; and Favosites gothlandica, with other 
large corals. 

2rid. That the Clinton Group, No. 8., containing Pentaments 
oblongus and P. and related more nearly by its fossil speci(»s 

with the beds above than with those below, is the equivalent of the 
Middle Silurian as above defined, p. 556. 

3rd. That the Hudson River Group, No. 12., and the Trenton 
Limestone, No. 14., agree palacontologically with the Caradoc or 
Rahi group, containing in common with thetn several species of 
trilobitcs, such as Asaphm (Isotelns) gigoSy Trinucleus concentrievs 
(fig. 647. p. 559.) ; and various shells, such as Orthis striainhty 
Orthis biforata (^or 0. lynx)^ O. porcata (0. occidentalis of Hall), 
Bellerophon bilobatiiSy &c.* 

Mr. 1). Sharpe, in his report on the mollusca collected by me from 
tliese strata in North America t, has concluded that the number of 
species common to the Silurian rocks on both sides of the Atlantic 
is between 30 and 40 per cent. ; a result which, although no doubt 
liable to future modification, when a larger comparison shall have 
been made, proves, nevertheless, that many of the species had a wide 
geographical range. It seems that comparatively few of the gas- 
tcropods and lamcdlibranchiate bivalves of North America can bt‘ 
identified specifically with European fossils, while no less tlian two- 
fifths of the brachiopoda, of which my collection chiefly consisted, 
are tlie same. In explanation of these facts, it is suggested that 
most of the recent brachiopoda (especially the orthidiform ones) are. 
inhabitants of deep water, and that they may have had a wider geo- 
graphical range than shells living near shore. The predominance of 
bivalve mollusca of this peculiar class has caused the Silurian period 
to be sometimes styled “ the age of brachiopods.’* 

"J'he calcareous beds. Nos. 15, 16, 17, and 18., below the Trenton 
Limestone, have been considered by M. de Verneuil as Lower 
Silurian, because they contain certain species, such as Asnjdnts 
{Isold us) giyuSy IlUenus crassicauday and Orthoceras hilinentHm, in 
common with the overlying Trenton Limestone J But, according to 
Prof. Hall, the lUcenus was erroneously identified, an error to which 
he confesses that he himself contributed ; and on the whole these 
lower beds contain, he thinks, a very distinct set of species, only 
three or four of them out of eighty-three passing upwards into the 
incumbent formations. § 

Be this as it may, the Black River Limestone, No. 15., contains 
certain forms of Orthoceras of enormous size (some of tliem 8 or 
9 feet long I), of the subgenera Ormocerns and Endocerns, seeming 
to represent the Lower Silurian or Ortlioceras limestone of Sweden. 
Moreover, the general facies of the fauna of all these beds is 
c*ss(?ntially similar. Another ground for extending our comparison 
of the Llandeilo beds of Europe as far down as the calciferous 

* See Murchison’s Siluria, p. 414. p. 651., 1847. 

t Quart. Gcol. Jourii., vol. iv. § Hull ; Forster and Whitney’s Rc- 

t Soc. Gcol. France, Bulletin, vol. iv. port on Lake Superior, Pc. II., 1851. 
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sandstone is derived from the researches of Sir William Logan in 
Canada, and the study by Mr. Salter of the fossils collected by the 
Canadian Surveyor near the S.E. end of the Ottawa River, where 
one mass of limestone encloses species common to all the beds from 
the Calciferous Sandstone (No. 18.) up to the Trenton Limestone 
(No. 14.). In this rock, the Asaphus gigas and other well-known 
Trenton species are blended with the Maclurea (fig. 659.), a left- 
liiinded shell, considered by Woodward os probably a massive 
heteropod, a genus characteristic of the Chazy Limestone, or 


Fossils from AllumetU Rapids^ River OttatpOy Canada, 
a Fig. m. 



Vaclurca Loganiy Saltt'r. 

a. view of the shell. b. its carious operculum.- 


rijT. ofio. No. 17.; and 3furchisomn gracilis {fig. 660.) is 

A another Trenton Limestone species found in the 

M same vSilurian limestone of Canada *; while one of 

the most common shells in it is the Raphistoma ? 
{Euomphalus) uniangulatum^ Hall, a species 
characteristic in New York of the Calciferous 
Sandstone itself. On the whole, if we identify 
.v«rc/wjto»iiVjgraci7M,Haii. the bcds from the lllack River Limestone down 
to the Calciferous Sandstone inclusively with the 
LTpper and Lower Llandeilo, we shall be in har- 
mony with the latest opinions of American and 

llritish geologists. 

In Canada, as in the State of New York, the Potsdam Sandstone 
underlies the above-mentioned calcareous rocks, but contains a 
difierent suite of fossils, as will be hereafter explained. In parts of 
tlie globe still more remote from Europe the Silurian strata have 
also been recognized, as in South America, Australia, and recently 
by Captain Strachey in India. In all these regions the facies of the 
fauna, or the types of organic life, enable us to recognize the con- 
temporaneous origin of the rocks; but the fossil species are 
distinct, showing that the old notion of a universal difiusion 
throughout the “ primaeval seas” of one uniform specific fauna was 
<|uitc unfounded, geographical provinces having evidently existed 
in the oldest as in the most modern times. 

Whether the Silurian rocks are of deep-water origin. — The 
grounds relied upon by Professor E. Forbes for inferring that the 
larger part of the Silurian Fauna is indicative of a sea more than 70 

Logan, Report, Brit. As.«oc. Ipswich, pp. 59. 63. 
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fathoms deep, are the following : first, the small size of the greater 
number of conchifera ; secondly, the paucity of pectinibranchiata (or 
spiral univalves); thirdly, the great number of floating shells, such 
as BellerophoHy OrthoceraSy &c. ; fourthly, the abundance of orthidi- 
form brachiopoda ; fifthly, tlie absence or great rarity of fossil fish. 

It is doubtless true that some living Terehvatul<By on the coast of 
Australia, inhabit shallow water ; but all the known species, allied 
ill form to the extinct Orthisy inhabit the depths of the sea. It 
should also be remarked that Mr. Forbes, in advocating these views, 
was well aware of the existence of shores, bounding the Silurian sea 
in Shropshire, and of the occurrence of littoral species of this early 
date in the northern hemisphere. Such facts are not inconsistent 
with his theory ; for he has shown, in another work, how, on the 
coast of Lycia, deep-sea strata are at present forming in the Medi- 
terranean, in the vicinity of high and steep land. 

Had wo discovered the ancient delta of some large Silurian 
river, we should doubtless have known more of the shallow-waler, 
i)rackish- water, and fluviatile animals, and of the terrestrial flora of 
the period under consideration. To assume that there were no such 
deltas in the Silurian world, would be almost as gratuitous an 
hypothesis, as for the inliabitants of the coral islands of the Pacific 
to indulge in a similar generalization respecting the actual condition 
of the globe. 


“ CAMBRIAN GROUP.” 

{Primordial Zone of Barrande,) 

The characters of the Upper and Lower Silurian rocks wore 
established so fully, both on stratigrapliical and palaeontological data, 
by Sir Uoderick Murchison after five years’ labour, in 1839, when 
liis “ Silurian System ” was puldishcd, that these formations could 
from that period be recognized and identified in all other parts of 
Kurope and in Is^jrth America, even in countries where the fossils 
diifered specifically from those of the classical region in Britain, 
where they were first studied. But it was not till the year 184(> 
tlmt M. Joachim Barraiide, after ten years’ exploration of Bohemia, 
and after collecting more than a thousand species of fossils, ascer- 
tained the existence in that country not only of the equivalents of 
the two formations above alluded to, but of another set of strata, 
eliaracterizcd by a new and distinct fauna, to which, in the intro- 
duction to a treatise on trilobites, he gave the name of Etage C., or 
the “ first fauna.” Jlis two first stages, A. and B., consisted of crys- 
talline and metamorphic rocks, and unfossilifcrous schists, lii the zone 
V., called soon afterwards by him “ primordial,” he had discovered 
in 184(5 no less than twenty- six species of trilobites contained in 
shales and slates of considerable thickness, all of them belonging to 
new species and the greater part of them to new genera, called by 
him ParadoxideSy Conocephalus (syn. Conocoryplie)y Elipsocephalusy 
Ariotiy Saoy and IhjdrocephaluSy and some of them to the genus 



570 CAMBRIAN GROUP. [Ch. XXVIT. 

AgnostnSy the only form common to his first and second fauna, the 
latter corresponding to the Lower Silurian of Murchison. M. 
Barrando classed this first fauna as the oldest member of the Silurian 
period, applying the term Silurian in Sir R. Murchison’s sense as 
comprehending all the fossiliferous strata older than the Devonian. 
He spoke of it as occupying “le meme horizon quo les formiitions 
fossili teres Ics plus anciennes de Suede, do Norv^go et des Isles 
Britanniques and ho added, still speaking of £tage C., “ II forme 
done la base des terrains protozoiques, selon la derniere classification 
du Rev. Professeur Sedgwick.”* It was impossible in 184(> for M. 
Barrande to make a nearer approach towards a just correlation of the 
Bolieniian and British groups of strata, since at that time the Lower 
Silurian of Murchison had no ■well-defined base-line, physical or 
zoological, while the Cambrian or protozoic of Sedgwick, as distin- 
guished from the Lower Silurian, was without a fauna. Even the 
Lingula Davisii, which will presently be mentioned, was not dis- 
covered till 1846, at which time the new organic types of Bohemia, 
older than the Lower Llandeilo beds above described, were so 
peculiar as to enable geologists from that time forth to identity by 
their moans alone in Scandinavia, Russia, Canada, and the United 
States, strata of corresponding age. It was some years before a 
sufficient number of British fossils were found below the Lower 
Llandeilo beds to enable the geologist to identify the difierent 
members of the Cambrian group with their equivalents in Ireland 
and Scotland, and of her parts of Europe. If, therefore, M. Bar- 
rande had, in 1816, called the fossiliferous rocks of his Etage C. 
“Bohemian,” that name would, I have little doubt, liave been uni- 
versally accepted, since he had acquired full right to give a name to 
the new group or system of rocks, the position and characteristic! 
fossils of which he had first truly defined. 

The term primordial was intended to express M. Barrande’s own 
belief that the fossils of JStage C. afforded evidence of the first ap- 
^ pearance of vital phenomena on this planet, and that consequently 
no fossiliferous strata of older date would or could ever be dis- 
covered. 

I have been opposed from the first to a nomenclature the adoption 
of which would seem to imply the acceptance of such a theory, for 
1 always felt sure, on contemplatin'^ the past history of geology, that 
we had not yet pushed our inquiries into the past so far as to lead 
us to despair of extending our discoveries at some future day, when 
vast portions of the globe hitherto unexplored should have been 
thoroughly surveyed. 

The terra Cambrian had, long before 1846, been applied by Profes- 
sor Sedgwick to rocks, some of which we now know to be of contem- 
poraneous date with Barrando’s “ primordial zone.” Sedgwick had 
begun his exploration of these rocks in 1831, and in 1843 published 
memoirs on what he then termed the protozoic rocks of North Wale.*', 


* Trilubites dc Bolicmc, Leipsig, 1 846. 
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pfiving detailed sections by 'which the geological structure of an 
intricate region "was admirably “worked out. 

Large ])ortions of the strata both of South and North Wales at 
first called Cambrian, and supposed to be older than the Silurian 
rocks of Murchison, were afterwards proved by our surveyors, 
chiefly by the labours of Prof. Ramsay, to bo the equivalents of 
the Lower Silurian rocks above described. 

Ihe following table will show the succession of the strata in Eng- 
land and Wales which belong to the Cambrian group or the fossil i- 
Perous rocks older than the Lower Llandeilo, to which are added the 
Laurentian formations of Canada, as the oldest in the world in 
which organic remains have yet been found. 


CAMBRIAN GROUP. 


Prev.iilini' Lithologu 
cal (^haracten. 


Thick- 
iH‘>s in 
Feet. 


Organic Rpmains. 


Upper 
Cambrian 
Rocks. — 
(“ Primor- 
dial Zone’' 
of Bar- 
randc) 


Lower 
(./ambrian 
Rocks. — 

( Long- 

mynd 

Group) 


Trcmadoc 1 fTrilobitos of genor/i 

I . * with pisolitic y 2000 | partly Silurian, and 
^ ore J j)arrly Primordial 

of Barrande. Bi*l- 
Icrophon; Ortlio- 
ccratitc; Theca. 

fTrilobites; Clonus, 
Conocoryphc; Pa- 
radoxides; Phyl- 
lopod crustacean ; 
Brachiopoda; Cys- 
tidcaiis. 

Annelids, five species 
(Are?ncoIifes spar^ 
suSf See.) ; one crus 
ttvccan; Olhamia. » 


Linjrula 

Hags 


Micaceous 

stones 

shales 


flng- 

und 


a. Harlech i 

f Sandstones 

and 1 

grits 1 

[ 

J 

-1 

A Llanbcris I 

^Slates, with 

sandy ] 

slates ] 

strata 

inter- \ 

1 

^ mixed 

J 


about 

6000 


6000 

to 

7000 


.1000 


L 


Upper Laurentian, 
Labrador Series 


2. Lower Laurentian 


LAURENTIAN GROUP. 


Stratified highly ^ 
crystalline rocks, ‘ 
with much La- .g™ 
bradoritc, and 
other varieties of 
felspar 

G neiss ; QuartKite ^ 
Hornblciidic and j 
micaceous 
schists, with 
dense intercala- 
ted limestones, 
one above 1000 ft. 
in thickness 


None. 


18,000 


Foraminifera ( 

1 o ■ 


Canadense). 


UPP£R CAMBRIAN. 

Tremadoc Slates . — The Tremadoc slat(?s of Sedgwick are more 
than 1000 feet in thickness, and consist of dark earthy slates occur- 
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riug near the little town of Tremadoc, situated on the north side of 
Cardigan Bay in Carnarvonshire. These slates were first examined 
hy Sedgwick in 1831, and were re-examined by him and described 
in 1846*, after some fossils had been found in the underlying 
Lingular flags by Mr. Davis. The inferiority in position of these 
Lingula flags to the Tremadoc beds was at the same time established. 
4'hc overlying Tremadoc beds were traced by their pisolitic ore from 
'I'remndoc to Dolgelly. No fossils proper to the Tremadoc slates 
were then observed, but subsequently, when the same beds wore 
well searched, by the collectors of the Government Survey in 1853 
and 1857, thirty -one species of all classes were found in them and 
diitermined by Mr. Salter. By their means he was able to separate 
the beds into an upper and lower division : in the upper of which there 
are about twenty species, and about fifteen in the lower. We have 
already seen that in the Lower Llandeilo (Stiper-stones or Arenig 
group), where the species are distinct, the genera agree with Silurian 
types ; but in these Tremadoc slates, where the species are also 
])eculiar, there is about an equal admixture of Silurian typos with 
those which Barrandc has termed “ primordial.” Here, therefore, 
it may truly be said that we are entering upon a new domain of life 
in our retrospective survey of the past. The trilobites of new 
species, but of Lower Silurian forms, belong to the genera Ogtjgia, 
AsaphuSy and Cheirurus ; whereas those belonging to primordial 
types, or Barrande’s first fauna, as well as to the Lingula flags of 
Wales, comprise Conocoryphe\^ Olenus^ several species, and Ange- 
lina > In the Upper Tremadoc slates arc found Bellerophoriy Ortho- 
ceras. and Cyrtoceras^ all specifically distinct from Lower Siluriini 
fossils of the same genera ; the Bteropod Theca ranges throughout 
tliese slates ; there ’are no Graptolites. The only Tremadoc species 
which, according to Salter, is not peculiar, is Lingula Davisii^ which 
ranges from the top to the bottom of the formation, and links it with 
the zone next to be described. The Tremadoc slates are very local, 
and seem to be confined to a small part of North Wales ; and Prof. 
Bamsay supposes them to lie unconformably on the Lingula flags, 
and that a long interval of time elapsed between these formations. 

JAnguln Flag9. — Next below the Tremadoc slates in North Wales, 
lie micaceous flagstones and slatus, in which, in 1846, Mr. E. Davis 
discovered the Lingula named aft ’r him, and from which was 
derived the name of Jjingula flags.J In these flags and shales, 
other fossils were found by subsequent researches, which were 
observed to differ specifically from those of the Llandeilo beds, 
or the lowest portion of the Lower Silurian then palaeontological ly 
known. Trilobites of the geneia Olenus and Conocoryphe (for 

* Gcol. Quart. Journ., vol. iii. p. 156. by Salter to a subgenus LinguleJla, but I 

t This genus has been substituted for retain the original name in this chapter, 
Barrande’s Conocephalus^ as the latter because it bos long been used by geulo* 
term had been preoccupied by the ento- gists in their designation of the beds 
mologists. whero it is so abuiiiTant. 

t This shell has since been referred 
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genus, see fig. 667.), and other forms, which will soon be pub- 
lished by our Government Survey, were detected ; and Paradoxides 
(for genus, see fig. 666.), another of Barrande’s primordial forms 


Fossils of the ** Lingula Flags^* or lowest Fossil(/erous Rocks qf Britain. 


Fig. 6(11. 



Hymenocarii vermicauda, 
Salter. 

A Phyllopod Cruitaceaii. 

^ iiat. size. 

Lingula rings 


Fig. 062. Fig. 063. 




Lingula Davisn^ MH'oy. Olrnus 7»icrurus,' 

a. I natural sixr;. Salter. 

b. disrorted by cleavage. ^ nat. size. 

of Dolgelly, and Ffestiniog ; N. ’.Wales.* 


of Bohemia, was also found both in North and South Wales, in 
the black slates of this era. With these also a phyllopod cnista- 
eean (fig. 661.), and several genera of Brachiopoda, with a rare 
Cystidean and a sponge, were obtained. In all, about forty or 
forty-five species arc already described by Mr. Salter, and other 
forms arc still in his hands for investigation. 

In Merionethshire, says Prof. Ramsay, the Lingula flags are from 
5000 to 6000 feet thick ; in Carnarvonshire, near Llanberis, only 
about 2000 feet, having, in the space of about 1 1 miles, lost 40o0 
feet of their thickness. In Anglcsea and on the Menai Straits, the 
Llandeilo and Bala Beds lie directly on (Lower) Cambrian strata, 
both the Lingula flags and Txemadoc slates being absent.f 


LOWER CAMBRIAN. 

{I^OTigmynd Group*) 

Harlech Grits , — Older than the Lingula flags are stratified forma- 
tions of great thickness, but which have as yet proved very barren 
of organic remains, and have been variously called by Prof. Sedg- 
wick the Longmynd and Bangor group, comprising, first, the Bar- 
mouth and Harlech sandstones ; and secondly, the Llanberis slates. 
The sandstones of this period attain in the Longmynd Hills in 
Sliropshiro a thickness of no less than 6000 feet, without any inter- 
position of volcanic matter. In some places in Merionethshire they 
ore still thicker. The labours of Mr. Salter in Shropshire and those 
of the late Dr. Kinahan in Wicklow have brought to light at least 
five species of Annelides in these rocks, two of which have been 
named Arenicolites sparsus and A, didymus. They occur in count- 
less myriads through a mile of thickness in the Longmyud, where 
also an obscure crustacean form has been discovered and named 

• These fi«riires were given in Sir R f Anniversary Address, Geol. Quart. 
Murchison’s Siluria (2ud ed., 1854), Journ., vol. xix. p. 39., 1863. 
chap. ii. 
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Palwopyge Ramsayi, The sands of this formation are often 
rippled, and were evidently left dry at low tides, so that the surface 
was dried by the sun and made to shrink and present sun-cracks. 
There are also distinct impressions of raindrops, like those figured 
at p. 486., on many surfaces.* 

Llanberis Slates . — The slates of Llanberis and Penrhyn in Car- 
narvonshire, witli their associated sandy strata, attain a great 
tliickiiess, sometimes about 3000 feet. They arc perhaps not more 
ancient than the Harlccii and Barmouth beds last mentioned, for they 
may represent the deposits of fine mud thrown down in the same 
sea, on the borders of which the sands above mentioned were accii- 
nmlating. In some of these slaty rocks in Ireland, immediately 
opposite Anglesea and Carnarvon, two species of zoophytes have 
been found, to which the late Prof. E. Forbes gave the name of 
Oldhamia. They may be considered as the most ancient fossils yet 
known in Europe. 

The muit ancient Foisifs yit known in Europe 

Fig. r,65. 



Oldha/niit imtiqwi, Forbes. 
Wicklow, Ireland. 


Wo may reasonably anticipate that the TiOngmynd fauna, if ever 
it shall become e.xtensively known in the Briti.>li Isles or elsewhere, 
will be found to differ considerably from that of the Upper Cambrian 
rocks, for the thickness of the beds unmixed with volcanic matter is 
very great, and they must have paired a great lapse of time for 
their deposition. 


CAM mil AN ROCKS OF BOHEMIA. 

{Primordial Zone of Barrande.) 

I have already spoken, p. oGD., of the splendid results of M. Bar- 
rande’s labours, published in 1846, in which year, after a prolonged 
investigation of the geology of Boliemia, he discovered a great series 
of palicozoic formations, for which he adopted Sir K. Murchiaoii’s 

* Suiter, Quart. Gcol. Journ., vol. xiii., 1857. 
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general name of Silurian. The first or most ancient of his three 
Silurian faunas, called by him primordial, corresponds with the 
British Upper Cambrian, as above described. The second tallies 
with Murchison's Lower Silurian, and the third with the Upper 
Silurian of the same author. When M. Barrande, a French naturalist, 
undertook single-handed the survey of Bohemia, all the described 
species of fossils previously obtained from that country scarcely ex- 
ceeded twenty in number, whereas he had already acquired in 1850 
no less than 1 100 species, namely, 250 crustaceans, (chiefly trilobites,) 
250 cephnlopods, 160 gadteropods and pteropods, 130 acephalous 
molluscs, 210 brachiopods, and 110 corals and other fossils. At a 
later period, 1856, M. Barrande states that he had in his collection 
between 1400 and 1500 species from the same Silurian and primor- 
dial rocks of Bohemia.* 

In the primordial zone ho discovered trilobites of the genera 
ParadoxideSy Conocephalus {Conocoryphe), EUipsocephaluSy Sao, 


Fossils of the lowest Fosstliferous Beds in Bohemiit^ or "{Brnnordiat Zone ” <f Banande, 
Fij?. 6f.G. V^v. r,r,7 




Conocorpfihe ,yti lata. Syn . 
Conocephalui struiius, Einmiuh. 
^ n.it. 

Giuetz uiid Skrey. 


Paradoxides Boh^nitcus, Barr. 

Aliuut ^ natural size. 

** Lowrst Siliirian lit;ds ” of 
, Ginotz, Bohciriia. 

(Kt.ige C. ot Barrande.) 


Fig. fills. 


Affnotus integer, Bey rich, 
Nac. bize and magnilied. 


Fijr. fifi9. 


Agiiostus Bex, Harr. 
N it. size, Skrey. 


ArionelluSy IJydrocephaluSy and Agnos- 
lus. These primordial trilobites have 
a peculiar fiicies of their own depen- 
dent on the multiplication of their tho- 
racic segments and the diminution of 
their caudal shield or pygidiuin. 

One of tho “ primordial " or Upper 
Cambrian Trilobites of the genus Sao, 
a form not found as yet elsewhere in 
the world, has afforded M. Barrande a 
line illustration of the metamorphosis 
of these creatures, for ho has traced 
them through no less than twenty stages 
of their development. A few of these 

* Purallelc cutre les Depots Siluricns dc 



Sao hiisiitfi, B.irr;in(ip, in its v.inous 
stages of groivtii. Skrey. 

The small liiic« honraih indicate the 
true size, lii the youngest state, a, 
no brginents .<rc visible : ns the iiicta- 
mnrphobib progresses, /». c. tlie bodv 
segments begin to be developed, iii 
the stage ri the eye., .ire iiitrodiieed, 
hut tho facial sutures are nor com- 
pleted; at e the full-grown aiiiinal, 
half Its true size, is shown. 


Bohcinc ct dti Scaiidinavic. 
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changes have been selected for representation in the accompanying 
figures, that the reader may learn the gradual manner in which 
different segments of the body and the eyes make their appearance. 
When we reflect on the altered and crystalline condition usually 
belonging to rocks of this age, and how devoid of life they are for 
the most part in North Wales, Ireland, and Shropshire, the informa- 
tion respecting such minute details of the Natural History of these 
crustaceans, as is supplied by the Bohemian strata, may well excite 
our astonishment, and may reasonably lead us to indulge a hope that 
geologists may one day gain an insight into the conditirui of the 
])lanet and its inhabitants at eras long antecedent to the Cambrian ; 
for those areas which have been subjected to a scrutiny as rigorous 
as North Wales and Bohemia form truly insignificant spots on a map 
of the whole globe. 

In Bohemia the primordial fauna of Barrandc derived its import- 
ance exclusively from its numerous and peculiar trilobites. Besides 
these, however, the same ancient schists have yielded two genera of 
brachiopods, Orthis and Orhicula^ a pteropod of the genus Theca, 
and four echinoderms of the Cystidean family. 

All the Bohemian species differ as yet from any found in England, 
which may be due entirely to the influence of geographical causes. 
It seems, nevertheless, to confirm the view hero taken, of the “pri- 
mordial zone ” being characterized by fossils distinguishable from 
the whole Lower Silurian group ; because the other and higher 
Silurian formations of Barrandc have each of them scv(;ral 
species in common with the successive subdivisions of the British 
scries. 

Sweden and Norway. — The Upper Cambrian beds of North Wales 
are represented in Sweden by strata, the fossils of which have been 
described by a most able naturalist, M. Angelin, in his “ Palmonto- 
logica Suecica (1852-4).” The “alum-schists,” as they are called 
in Sweden, resting on afucoid-sandstone, contain trilo*\jites belonging 
to the genera Paradoxides, OlemiSt Agnostiis, and others, some oi‘ 
which present rudimentary forms, like the genus last mentioned, 
without eyes, and with the body segments scarcely developed, and 
others again have the number of segments excessively multiplied, 
as in Varadoxides. These peculiarities agree with the characters 
of the crustaceans met with in the Upper Cambrian strata, before 
mentioned. 

Tte Swedish rocks have also yielded crustaceans of the family 
Cytherinidee, and among the niollusca a small species of Orthoceras. 
the only primordial cephahi])od yet known, and also a Graptolite, 
together with most of the fossil forms discovered by Barrande in 
the Bohemian strata of the same age. 

United States and Canada. — In the table at p. 556., I have 
already pointed out the relative position of the Potsdam Sandstone, 
which has long been supposed to bo the lowest fossiliferous formation 
in the United States and Canada. The late Dr. Dfile Owen pub- 
lished in 1852 a graphic sketch, in his survey of Wisconsin, of the 
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lowest sedirncatary rocks near the head-waters of the Mississippi, 
lyin<!f at the base of the whole Silurian series. They are many 
hundred feet thick, and for the most part similar in cljaracler to the 
Potsdam sandstone above described, but in- 
cluding in their upper portions inbirealated 
bands of magnesian limestone, and in their 
lower some argillaceous beds. Among the 
shells of these strata are species of Lingula 
and Orthis^ and sev<'ral trilobitcs of the 
new genus Dikelocejyhalus (fig. 671.). 'I'liese 
rocks, occurring in Iowa, Wisconsin, ainl 
]\Iinne5?ota, se(‘.m dostiiu'd hereafter to throw 
gniat light on tlie state of organic life in the 
Cainhi ian period. Six bods containing trilo- 
hites, separated by strata from 10 to 150 feet 
thick, are already enumerated. 

I liave seen the Potsdam sandstone on 
the banks of the St. Lawrenoo in Canaila, 

1 I 1 r* 1 1 /-ii 1 • A Iar^»i* crii'itarvap I the Olenoui 

and on the borders ot J^ake (.diainplain, -roui). . s.-uiiiston- 

where, as at Keesville, it is a wJiite (jiiarjz- 
ose fine-grained grit, almost passing into 

([iiartzitc*. It is divided into horizontal ripple-marked beds, very like 
Ihose of the Lingula flags of Britain, and rcpleto with a small round- 
shaped Lingula {Oholella of Billings), in such numbers as to divide* 
the rock into parallel planes, in the same manner as do the scales of 
mica in some micaceous sandstones. This formation, as we learn from 
Sir W. Logan, is 700 feet tliick in Canada ; the lower portion con- 
sisting of a conglomerate with quartz pi*l)bles ; the upper part of 
sandstone? containing fucoids, and perforah'il by small vertical holes, 
which are very charactcjiistic of the rock, and appear to have bci'n 
made by annelids (^Scolithus linearis). 

On the banks of the St. Lawrence, near Bcauhariiois and else - 
where, many fossil footprints have been observed on the surface of 
its rijiplcd layers. These impressions were first noticed by Mr. 
Abraham^ of iM on treal, in IS 47, and Averc supposed tube tracks of a 
tortoise ; but Sir W. Logan brought in 1851 some of' the slabs to 
London, together Avitli numerous casts f>t other slabs, enabling Pro- 
fessor Owen to correct the idea first entertained, and to decide that 
tlu'y were not du(*- to a chelonian, nor, as he imagines, lo any vert<*- 
hrate creature. The Professor inclines to tlu* belief that they aiv. 
lli(* trails of more than one species of articulate animal, probably 
allied to the King Crab, or Limulus. Between the two rows of 
loot-tracks runs an impressed median line or channel, supposed by 
the Professor to have been made by a caudal ap|>cndago rather tliaii 
by a prominent part of the trunk. Some individuals appear to have 
hid thre(\ and others five pairs, of limbs used for locomotion. The 
Avidth of tlie tracks between the outermost inqiressions varies from 
^2 to 5 i indies, Avhich Avonld imply a creature of ninch larger di- 
mensions Ilian any organic body yet obtained from strata of such 
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antiquity. In this respect they agree with the gigantic Eurypie- 
ridcB^ detected in tiie lowest Devonian and uppermost Silurian rocks, 
p. 523. Their size alone is important, as warning us of the danger 
of drawing any inference from mere negative evidence, as to the 
extreme poverty of the fauna of the earlier seas. 

Recent investigations by the naturalists of the Canadian survey 
have rendered it certain that below the level of the Potsdam Sand- 
stone there are slates and schists extending from New York to 
Newfoundland, occupied by a series of trilobitic forms similar in 
genera though not in species to those found in the European Upper 
Cambrian strata. 

Quebec Group , — The Dikehcephalus above mentioned is one of 
the most striking fossils found in the limestones of Quebec, whicli 
have recently attracted niuch attention. But there seems in these 
limestones to be a mixed fauna, which renders it probable that the 
Quebec group, as defined by Sir W. Logan and Mr. E. Billings, is 
the representative of our Lower Llandeilo (Arenig) and Tremadoc 
groups uhited. The characteristic graptolites lie in the upper por- 
tion, and are identical with those of Skiddaw ; and the mixture of 
primordial and Lower Silurian genera in the lower portion exactly 
reminds us of the similar mixture in the Tremadoc slate, while, 
according to Mr. Billings, there are many species identical with 
those of the calciferous sand-rock, the formation which immediately 
overlies the Potsdam sandstone and passes down into it imperceptibly. 

Huronian series , — Next below the Upper Cambrian occur strata 
called the Huronian by Sir W. Logan, which are of vast thickness, 
consisting chiefly of quartzite, with great masses of greenish chlori- 
tic slate, which sometimes include pebbles of crystalline rocks derived 
from the Laurentian formation, next to be described. Limestones 
are rare in this series, but one band of 300 feet in thickness has been 
traced for considerable distances to the north of Lake Huron. Beds 
of greenstone are intercalated conformably with the quartzose and 
argillaceous members of this scries. No organic remains have yet 
been found in any of the beds ; and whether they may be altered 
Lower Cambrian or some still older sedimentary formation in a 
semi-metamorphic state is uncertain. The Huronian strata are 
about 18,000 feet thick, and rest unconformably on the Laurentian, 
next to be described. 


LAURENTIAN ROCKS. 

In the course of the geological survey carried on under the direc- 
tion of Sir W. E. Logan, it has been shown that, northward of the 
river St. Lawrence, there is a vast series of crystalline rocks of 
gneiss, mica-schist, quartzite, and limestonp, more than 30,000 feet 
in thickness, which have been called Laurentian, and which are 
already known to occupy an area of about 200,000 square miles. 
They are not only more ancient than the fossiliferous Cambrian 
formations above described, but are older than the Huronian last 
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jnontioned, and had undergone great disturbing movements before 
llie Potsdam sandstone and the other “primordial” rocks were 
lormed. The older half of this Laurentian series is unconformable 
to tlie newer ]>ortion of the same. 

Upper Laurentlan or Labrador series. — The Upper Group, more 
tlian 10,000 feet thick, consists of stratified crystalline rocks in 
which no organic remains have yet been found. They consist in 
great part of felspars, which vary in composition from anorthite to 
aiidesine, or from those kinds in wdiieh there is less than one per 
cent, of potash and soda to those in which there is more than seveji 
per cent, of these alkalies, the soda preponderating greatly. These 
felsparites sometimes form mountain masses almost without any 
admixture of other minerals ; but at other times they include 
pyroxene, which passes into hypersthene. They are often granitoid 
in structure. One of the varieties is the same as the opalescent 
labradorite rock of Labrador. The Adirondack Mountains in tlie 
State of New York are referred to the same scries, and it is con- 
jectured that the hypersthene rocks of Skye, wliicli resemble tliis 
formation in mineral character, may be of the same geological age. 

Jjower Laurentian , — This scries, about 20,000 feet in thickness, 
is, as before stated, unconformable to that last mentioned ; it con- 
sists in great part of gneiss of a reddish tint with orthoclase 
felspaj. Beds of nearly pure quartz, from 400 to 600 feet thick, 
occur in some places. Ilornblendic and micaceous schists are often 
interstratified, and beds of limestone usually crystalline. 

There are several of these limestones which have been traced to 
great distances, and one of them is from 700 to 1500 feet thick. In 
tlie most massive of them Sir W. Logan observed in 1859 what he 
<*onsidered to be an organic body much resembling the Silurian 
I'ossil called Stromatopora rugosa, Jt had been obtained the year 
before by Mr, J, McCulloch at the Grand Calumet on the river 
Ottawa. This fossil was examined in 1864 by Dr. Dawson of 
Montreal, who detected in it, by aid of the microscope, the distinct 
structure of a Rhizopod or Foraminifer. Dr. Carpenter and Prof. 
T. Rupert Jones have since confirmed this opinion, comparing the 
structure to that of the well-known nummulite. It appears to have 
grown one layer over another, and to have formed reefs of lime- 
stone as do the living coral-building polyp animals. Parts of th(3 
original skeleton, consisting of carbonate of lime, are still preserved; 
while certain interspaces in the calcareous fossil have been filled up 
with serpentine and white augite. On this oldest of known organii; 
remains Dr. Dawson has conferred the name of Eozoofi Canadense ; 
its antiquity is such that the distance of time which separated it 
from tho Upper Cambrian period, or that of the Potsdam sandstone, 
may, says Sir W. Logan, be equal to tho time which elapsed between 
the Potsdam sandstone and the nummulitic limestones of the Tertiary 
period. The Laurentian and Huronian rocks united are about 50,000 
feet in thickness, and tho Lower Laurentian was disturbed before 
the newer series was deposited- We may naturally expect that 

j* p 2 
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other proofs of uncon formability will hereafter be detected at more 
than one point in so vast a succession of strata. 

The iiiinoral character of the Upper Laurentian differs, as we 
have seeru from that of the Lower, and the pebbles of gneiss in the 
Jluroniaii conglomerates are thought to prove that the Jjaurontiaii 
strata were already in a mctamorphic state before they were broken 
up to sup|)ly materials for the ITuronian. Even if we had not dis- 
covered the Eozoon, wo might fairly Inive inferred from analogy that 
as the quartzites were once beds of sand, and the gneiss and mica- 
schist derived from shales and argillaceous sandstones, so the cal- 
careous masses, from 400 to 1(X)0 feet and more in thickness, were, 
originally of organic origin. This is now generally believed to 
have been the case with the Silurian, Devonian, Carboniferous, 
Oolitic, and Cretaceous limestones and those niimmulitic roeks of 
tertiary date which bear the closest athnity to tlie Eozoon reefs oi' 
tlie Lower Laurentian. The oldest stratified rock in Scotland is 
that called by vSir It. Murchison “the fundamental gneiss,” which 
forms the whole of the island of Lewis in the Hebrides. On this 
gn(‘iss, ill parts of the Western Highlands, the Lower Cambrian and 
various metainorphie rocks rest unconformably. It is conjectured 
that this ancient gneiss of Scotland may eorr(‘S]>ond in date with 
part of the great liaurentian group of North America. 

• 

TIIK AllSr.NCK OF VKUTEimATA IN KOOKS HKOOW THE I'FFEK 

Sll.irRIAN. 

Supposed 7\rwd of Invertebrate Animals, — W(‘ have seen that in 
the ujiper part of the Silurian system a hoii(*-bcd occurs near Ludlow, 
ill which the remains of fish are nbuinlant, and amongst them some 
of highly organized structure, referred to the g(*n(‘ra Onchus and 
j*teraspis. We are indebted to Sir R. Murchison for having first, 
announced, in 1840, the discovery of these ichthyolites, and he then 
spoke of them as “ the most ancient beings of their class.” In the 
third edition of his classical work% he has reverted to the opinion 
formerly expressed by him, observing that the active researches of 
the last twenty years in Europe and Annirica “ had failed to modify 
tliat generalization.” He also adds: “The Silurian system tlierefon* 
may be regarded as representing a long period in which no verh‘- 
hrated animals had been called ir o oxistiniec.” 

In the same year (1859) in wbieh this remark was hazarded, the 
discovery thii J^ieraspis^ mentioned by us at ]>. 552., in the Jjower 
Ludlow rocks, carried back our knowledge of the exist(?nce of 
one stop farther into the liistory of the jiast. lint it is still a fact 
well worthy of notice that no /emaiiis of vert(‘brata have yet heci« 
met with in any strata older than the Lower Ludlow. 

When we rcllect on the hundreds of Mollusks, Echinoderms, Trilo- 
hites, Corals, and other fossils alnaidy obtained from more anci(*nt 
Silurian formations, Upper, JMiddle, and Lower, we may well ask, 

* Siluria, p. 2G8., 1859. 
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wliptbor any set of fossiliforoiis rocks newer in the series were ever 
vtiidied with equal diligence and over so vast an area without yicld- 
iiig a single ichtliyolite. 

Yet we ought to liesitJite before we accept, even on such evidence, 
so sweeping a conclusion, as that the globe, for ages after it was 
inhabited by all the great classes of invertebrata, remained w' holly 
iint(jnanted by vertebrate animals. In the first place, we must re- 
member that we liave detected no insects, or land-shells, or freshwater 
j>ulmoniferous mollusks, or terrestrial crustaceans, or jdants (witli 
fbe exception of fucoids), in rocks below the Upper Silurian. Their 
absence may admit of explanation, by supposing almost all the de- 
posits of that era hitherto examined to have been formed in seas far 
from land or beyond the influence of rivers. Here and theie, indeed, 
a shallow- wat(‘r, or even a littoral, deposit may have been met wilh 
ill North Wales or North America; but, speaking generally, the 
Silurian deposits, as at present knowm, have certainly a more pelagic 
character than any other of equal extent and thickness. 

It is a curious fact, and not perhaps a mere fortuitous coincidence, 
that the only stratum in which land-plants occur is also the only 
one which has yielded the remains of fish in any considerable 
abundance, lionc-bods in general, such as that of the uppermo^t 
IViiis at llristol and Stuttgart, or that of the Carboniferous Liirn*- 
sfone near Bristol and Armagh, or, lastly, that of the “ Upper 
Ludlow,” are remarkable for containing teetli and hones, much 
rolled, and implying transportation from a distance. The as.sociatioii 
of the sporangia of Lycopodiacea? (see p. o48.) with the Ludlow 
lisli-boiies shows that plants had been washed from some dry land, 
then existing, and had been drifted into a coniiiion submarine re- 
ceptacle with the hones; and it is well known that in (he present 
.‘‘iji.le of the globe fish occur in the greatest numbers at the junction 
of rivers >vith the sea. ' Where the Upper Jaidlow is devoid of 
jil.ints, as is usually the case, it is as destitute of ichthyolites as are 
the Wenlock or Llandeilo beds. 

It has been suggested in explanation, that Cephalopoda were so 
abundant in the Silurian period that they may have di.'^charged the 
lunctioiis of lisli ; to which Ave may reply that both classes coexisted 
in the Upper Silurian period, and both of them swarmed together in 
the (Carboniferous and J^iassic seas, as they do now in certain parts 
of the ocean. We may also remark that wc arc too iinp(*rfcctly 
acquainted with tin; distribution of scattered bones and te(*th or the 
skeletons of dead fish on the floor of tho existing ocean, to have a 
right to theorise with confidence on the absence of such relies over 
wide spaces at any former era. 

Tliey Avho in our own times have explored the bed of the sea 
inform us that it is in general as harron of vertebrate remains as 
the soil of a forest on Avhich thousands of mammalia and reptiles 
have flourished for centuries. In tlic summer of 1850, Ih-of. K. 
Forbes and IMr. McAndrew dredged the bed of the British s(nis 
from tho Isle of ^'orthiiid to the Land’s End in Cornwall, and 
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thence again to Shetland, recording and tabulating the numbers of 
the various organic bodies brought up by them in the course of 
140 distinct dredgings, made at different distances from the shore, 
some a quarter of a mile, others forty miles distant. The list of 
species of marine invertebrate animals, whether Radiata, Mollusca, 
oi’ Articulata, was very great, and the number of individuals enor- 
mous ; but the only instances of vertebrate animals consisted of a 
few ear-bones, and two or three vertebrae of fish, in all not above 
six relics. 

It is still more extraordinary that Mr. McAndrcw should have 
dredged the great “ Ling Ranks ” or cod-iishery grounds off the 
Shetland Islands for shells without obtaining the bones or teeth of 
any dea<l fish, although he sometimes drew up live fish from the 
mud. This is the more singular because there are spine areas where 
recent fish-bones occur in the same northern seas in profusion, as I 
have shown in the ‘‘Principles of Geology (see Index, “Vidal ”) ; 
two bone-beds having been discovered by British hydrographers, one 
in the Irish Sea, and the other in the sea near the laroe Jsles, the 
first of them two, and the other three and a half miles in length, 
where the lead brings up everywhere the vertebrin of fish from 
various depths between 45 to 23o fathoms. These may bo eoinpurod 
to the Upper Ludlow hone-bed ; and on the floor of the ocean of 
our times, as on that of the Silurian epoch, there are other wide spaces 
where no bones are embedded in mnd or sand. 

It may bo true, though it sounds somewhat like a paradox, that 
fish leave behind them no memorials of their presence in places 
wliore they swai’m and multiply freely ; whereas curr(*nts may driffc 
their bones in great numbers to regions wholly destitute of living 
lish. Such a state of things would be quite analogous to what 
takes place on the habitable land, where, instead of the surface 
becoming encumbered with heaps of skelctoiis of quadrupeds, 
birds, and land-reptiles, all solid bony substances are removed 
after death by chemical processes, or by the digestive pow'ei's of 
predaceous beasts ; so that, if at some future period a gciologi^t 
should seek for monuments of the former existence of such crea- 
tures, he must look anywhere rather than in the area where they 
flourished, lie must search for them in spots which wi*re covered 
at the time with water, and to which some bones or carcases may 
have been occasionally carried by floods and jiermaneiitly buried in 
sediment. 

In the annexed Table, a few dates arc set before the reader of the 
discovery of different clas-^es of animals in ancient rocks, to enable 
him to perceive at a glance how gradual has been our progress in 
tracing back the signs of vertenrata to formations of high antiquity. 
Such facts may bo useful in warning ns not to assume too hastily 
hat the point which our retrospect may have reached at the present 
moment can be regarded as fixing the date of the first introduction 
of any one class of beings upon the earth. 
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Dates of the Discovery of different Classes of Fossil Vertehrata ; 
showing the gradual Progress made in tracing them \o Rocks of 
higher antiquity. 



Year. Form.itlons. 

Geographical LocalitiRS. 


fl 798.— Upper Eocene. 

Paris (Gypsum of 
Montmartre).' 

Mammalia. 

j 1818.- -Lower Oolite. 

[1847.— Upper Trhis. 

Stoncsficld.* 


Stuttgart.* 


1782.- Upper Eocene. 

Paris (Gypsum of 
Montmartre ).^ 

Aves. 

1839. — Lower Eocene. 

laic of Sheppoy (Lon- 
don Clay).*^ 

18.54.— 

Woolwich Beds." 


1855.— 

Meudon (Plastic 

Clay).’ 


1 85s.— Upper Greensand. 

Cambridge.® 


1^1863. — Upper Oolite. 

Solcnhofcn.® 

Reptilia. 

1710. — Permian (or Zcchstcin). 

Thuringia.'® 

1 844. — Carboniferous. 

Snarbruck, near 

Treves. " 


1709. — Permian (or Kupfcr-scliicfer). 

Thuringia.'- 


1793.— Carboniferous (Mountain Lime- 

Glasgow.'* 

Pisces. 

stone). 


1828. — Devonian. 

Caithness '* 


1840. — Upper Imdlow. 

Ludlow.'^ 


(^1859. — Lower Ludlow. 

Lcintvvardinc.*® 


' George Cuvier. Bulletin Soc. Philora., xx. Scattered bones had been foin)d in 
the gypsum some years before; but they were determined osteologically, and their 
true geological position was assigned to them in this memoir. 

- In 1818, Cuvier, visiting the Museum of Oxford, decided on the mammalian 
character of a jaw from Stoneslicld. Sec also above, p. 404. 

' Plieninger, Prof. Sec above, p. 430. 

' M. Darcct discovered, and Lamauon figured, as a fossil bird, some remains 
from Montmartre, afterwards recognized as such by Cuvier (Ossemens Foss., Art. 
“Usseaux”). 

•’ Owen, Prof., Geol. Trans., 2nd Ser., vol. vi. p. 20.3., 1839. Tlie fossil bird dis- 
covered in the same year in the slates of Giaris in the Alp.s, and at first referred to 
the. chalk, is now supposed to belong to the Nuininulitic beds, and may therefore 
be of newer date than the Sheppey CJlay. * 

*’ A bird’s bone is also recorded by Mr. Prc.'«twieh as having been found by M. 
de la Condamiiie in the upper part of the Woolwich beds. (Quart. Gcol. Journ., 
vol. X. p. 157.) 

^ Early in 1855 the tibia and femur of a large bird equalling at least the ostrich 
in size were found at Meudon near Pans, at the base of the Plastic Clay. This 
bird, to which the name of Gas/orniA ParisiensLs has been assigned, ai)peMrs, from 
the Memoirs of MM. 11 chert, Lartet, and Owen, to belong to an extinct genus. 
Professor Owen refers it to the chtss of wading land-birds rather than to an aquatic 
species. (Quart. Geol. Journ., vol. xii. p. 204., 1856. 

" Mr. Loiii.s Barrett found many parts of the skeleton of a bird of the gull tribe 
in the coprolitic bed, in the Upper Greensand (see above, p. 330.). 

" The Archavpferj/x macrura^ Owen, was determined to be a bird by Owen 
in 1863. It occurred in the lithographic stone of Solcnhofen, in which a single 
feather, probably of the same bird, had previously been found (sec above, p. 394.). 

The fossil monitor of Thuringia ( ProtoromuruH Spenerif V. Meyer) was figured 
by Spener, of Berlin, in 1810, (Miscel. Berlin.) 

" See above, p. 50.3. 

Memorabilia Saxoniic Subterr., Lcipsic, 1709. 

History of Ruthcrglen, by Rev. Davul Urc, 1793. 

" Sedgwick and Murchison, Geol. Trans., Second Ser., vol. iii. p. 141., 1828. 

Sir li. Muichispn. Sec above, p. 548. 
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”* IVIr. Lee, of the Priory, Caerlcon (see above, p. 552.) , found Ptcraspis in pre- 
sence of Mr. Lij'htbody, F.G.S. 

Ohs. — The evidence derived from footprints, thou^rh often to be relied on, is 
omitted in the above table, as bciii^ less exact than that founded on bones and 
teeth. 

TJiero aro many writers still living who, before the year 1854, 
gcncMiilized fearlessly on the non-existence of reptiles in times aii- 
teceilcnt to the Permian ; yet in the course of nineteen years they 
liave lived to see the remains of reptiles of more than one family 
cxliiimed from various parts of the Carboniferous series. Pefore the 
year 18 18, it was the popular belief that tlic Palaeotheriuin of the 
Paris gypsum and its associates were the first warm-blooded quadru- 
])eds that ever trod the surface of this planet. So fixed was this 
idea in the minds of the majority of naturalists, that, when at length 
the Stoiiesfield Mammalia were brought to light, they were most un- 
Avilling to renounce their creed. First, the antiquity of the rock was 
called in question ; and then the mammalian character of the relics. 
But when at length all conti*oversy was set at rest on this point, 
the real import of the new revelation, as bearing on the doctrine of 
[)rogr(issive development, was far from being duly appreciated. 

Their sigiiilicaiico arose from the aid they afforded us in estimating 
the true value of m‘gative evidence, when adduced to establish the 
iioii-cxistciice of certain classes of animals at given periods of the 
past. Every zoologist will admit that betweim the first creation and 
the final extinction of any one of the oolitic mammalia now known, 
whether at Stoiiesii(dd or Purbeck, there were many successive 
generations ; and, even if the geographical range of each species was 
very limited (whi(di we have no right to assume), still there must 
have been several hundred individuals in each generation, and pro- 
bably when the species reached its maximum, several thousands. 
VViien, therefore, we encounter for the first time in 1854 two or 
three jaws of Stereof/uathus or Spalacotherium, after countless 
specimens of Mollusca and Crustaceie, and many insecis, fish, and 
reptiles liad been previously collected from the same beds, we are 
not simply taught that these individual quadrupeds flourished at the 
eras in question, but that thousands, perhaps hundreds of thousands, 
of the same species peopled the land without leaving behind them 
any trace of their existence, whether in the shape of fossil bones or 
footprints ; or, if they left any tra^ ‘js, these have eluded a long and 
most laborious searcli. 

Mor(»ovcr, we must never forget how many of the dates given in 
the above table (p. 58i3.) arc due to British skill and energy, Great 
Britain being still the only country in the world in which mammalia 
have been found in oolitic rocks. And if geology had been culti- 
vated with less zeal in our island, wc should know very little as 
yet of two extensive assemblages of tertiary mammalia of higher 
antiquity than the fauna of the Paris gypsum (already cited as 
having once laid claim to be the earliest that ever flourished on the 
earth) — namely, first, that of the Heudon series (see above, p. 282.), 
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anil, secondly, one long prior to it in date, and antecedent to the 
London Clay. This last has already afforded us indications of 
Cheiroptera, Pachyderniata, and Marsiipiala (sec p. 292.). How 
then can we doubt, if the globe were to be studied with the same 
diligence, if the six great continents, Euroj)c, Asia, Africa, 
North and South America, and Australia, were equally well known, 
lhat every date assigned by us in the above Table for the earliest 
recorded appearance of fish, reptiles, birds, and mammals, would 
liave to be altered and shifted back ? Nay, if one other area, 
<uch as part of Spain, of tho size of England and Scotland, W(.*ro 
subjected to the same scrutiny (and we are still very imperfectly 
acquainted even with threat Britain), each class of vertebrata would 
perhaps recede one or more steps farther back into the abyss of 
time : fish migljt penetrate into the Lower Silurian, — reptiles into 
the Upi)er Devonian, — mammalia into the Lower Trias, — birds into 
the Middle Oolite, — and, if we turn to the Invertebrata, Trilobiles 
and Cephalopods might descend into the Lower Cambrian, — and 
Foramiriifera into rocks now styled A/oic, and older than the Lower 
Laurentian. 

Yet, after these and many more analogous revisions of the Table, 
the order of (flironological succession in the different classes of fossil 
animals would probably continue the same as now : — in other 
words, our success in tracing back the remains, of each class to re- 
mote eras would be greatest iu fishes, next in reptiles, and least in 
niainmalia and birds. 

We have of late years acquired striking proofs of the difficulty of 
dctectiug the bones of man in those strata in which the works of 
his hands in the shape of flint implements nhouiid. There are also 
large tracts of Eoceqe rocks very prolific of shells and other or- 
ganisms, as in Helgium, for example, which have been diligently 
studied for nearly a century without yielding a single bone of a 
mammifer. In the whole world the cretaceous and oolitic rocks 
liave each of them only afforded as yet a single example of a fossil 
bird. It would almost seem as if the higher the type*, of organiza- 
tion tho more powerful the spell required to evoke the remains of a 
lossil being from its«tony sepulchre. 

“ Unwilling I my lips unclose — 

Leave, oh ! leave me to repose.’* 

That we should meet with ichthyolites more universally at each 
era, and fit greater depths in the series, than any other class oi' 
fossil vertebrata, Avould follow partly from our having as paleontolo- 
gists to do chiefly with strata of marine origin, and partly, be- 
cause bones of fish, however partial and capricious their distribution 
on the bed of the sea, arc neverthel(;ss more easily met with than 
those of reptiles or mammalia. In like manner the extreme rarity 
of birds in Recent and Pliocene strata, even in those of fresh- 
water origin, might lead us to anticipate that tlicir remains Avould 
be obtained with the greatest difficulty in the older rocks, as the Table 

• 
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proves to be the case, — even in tertiary strata, wherein we can more 
readily find deposits formed in lakes and estuaries. 

The only incongruity between the geological results, and those 
which our dredging experiences might have led us to anticipate 
a prioj'i, consists in the frequency of fossil reptiles, and the com- 
parative scarcity of mammalia. It would appear that during all the 
secondary periods, not even excepting the newest part of the creta- 
ceous, there was a greater development of reptile life than is now 
witnessed in any part of the globe. The preponderance of this 
class over the mammalia may have depended in part on climaial 
conditions, but it seems also clearly to imply the limited develop- 
ment, if not the total absence, before the Tertiary period of the 
placental mammalia, whether terrestrial or aquatic, ' which, when 
they became dominant, acquired power to check and keep down the 
class of vertebrata nearly allied to them in structure, and coming- 
most directly in competition with them in the struggle for life. 
For notwithstanding the impossibility of assigning oven conjectural 
limits to the chronological extension of each class of vertebrata as 
we trace them farther and farther back into the past, it cannot he 
deni(Hl that our failure to detect signs of them in older strata, in 
proportion to the rank of their organization, favours the doctrine of 
devidopnient, or at least of the successive appearance* on the earth of* 
beings more and more highly organized, culminating at last in the 
advent of Man himself. 
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CHAPTER XXVIIT. 

VOLCANIC ROCKS. 

Tuip rocks — Name, whence derived — Their i;rneoiis on j'n at first doubted— 
'I’lieir general appearance and character — Ynlcanic cones and craters, how 
lornied — Mineral composition and texture of \oleanic rocks — Varieties of 
felspar — Hornhlendo and uugitc — Isomorphism- Rocks, how to he studied — 
Ikisalt, trachyte, greenstone, porphyry, scoria, amygdaloid, lava, tuiT — Agglo- 
mer.itcr — Lateritc— Alphabetical list, and exjdanation of names and synonyms, of 
Aoleanic rocks — Table of the analyses of minerals most abundimt in the vol- 
canic and hypogenc rocks. 

The aqueous or fossiliferous rocks having now been described, wo 
have n(*xt to examine those wliich may bo called volcanic, in the 
most extended sense of that ttumi. Suppose a a in the annexed 

Flp. 672. 



a. Tlyiiogcno formations, stnitfGed anil iin^tratifipif. 

b. Aqui'ous lurm<iUuns. c. Volcanic rocks. 


diagram, to represent the crystalline formations, such as the granitic 
jmd metamorphic ; bh the fossiliferous strata ; and ef?tho volcanic 
rocks. These last are som(»tiiiies found, as was explained in the first 
eliapter, breaking through a and b, sometimes overlying both, and 
cccasionally alternating with the stmta bb. They also are seen, in 
collie instances, to pass insensibly into the unsi ratified division of a, 
or fhe Plutonic rocks. 

When geologists first began to examine attentively the structure 
of the northern and western parts of Europe, they wore almost en- 
iirely ignorant of the phenomena of existing volcanos. Tlicy found 
ei'rlain rocks, for the most part Avithout stratification, and of a 
jx'culiar mineral composifion, to Avhicli they gave ditferent names, 
such as basalt, greenstone, jmrphyry, and amygdaloid. All these, 
which w('re recognized as belonging to one family, Avere called “ trap ” 
by Bergman n, from trappa^ SAvedish for a flight of steps — a name 
since adopted very generally into the nomenclature of the science ; 
for it Avas observed that many rocks of this class occurred in great 
tabular masses of unequal extent, so as to form a succession of ter- 
races or steps 1^'^ sides of hills. This configuration appears to 
be d(jrived from two causes. First, the abrupt original terminations 
of sheets of melted matter, which have spread, AA'^hcthcr on the land 
or bottom of the sea, over a level surface. For Ave know, in the 
case of lava flowing from a volcano, that a stream, when it has 
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coased to flow, and grown solid, very commonly ends in a steep slope, 
as at tty Jig. 673. Hut, secondly, the stop-like appearance aris(‘s 

more frequently from the mode in which 
horizontal masses of igneous rock, such 
as h Cy intercalated between aqueous 
strata, or showers of volcanic dust and 
ashes, have, subsequently to their origin, 
been exposed, at different heights, by 
denudation. Such an outline, it is triu', 
is not peculiar to trap rocks ; gj*cat beds 
of limestone, and other hard kinds of 
stone, often presenting similar terraces and precipices: but theses 
arc usually on a smaller scale, or less numerous, than the. volcani<j 
sfrpsy or forjn less decided features in the landscape, as being less 
distinct in structure and composition from tin? associated rocks. 

Although the characters of trap rocks are greatly diversified, the 
beginner will easily learn to distinguish them as a class from the 
aqueous formations. Sometimes they present theinscdvcs, as alr(*ady 
stilted, in tabular masses, which are not divided by horizontal planes 
of sti'atifi cation in the manner of sedimentary deposits. Somelimcs 
they form chains of hills often conical in shajK*. Not unfrequeiitly 
they are seen as “dikes” or wall-like masses, inlerscading fossili- 
ferous beds. Tlie rock is occasionally columnar, the columns soim*- 
times decomposing into balls of various sizes, from a Jew imdies 1o 
several feet in diameter. The decomposing surface; vrry commonly 
assumes a coating of a rusty iron colour, from the oxidation of ferru- 
ginous matter, so abundant in the traps in which augitc or horn- 
bh'iidc occur; or, in the t([;lspathic varieties of I raj), it acejuin's a 
white opaque coaling, from the bleaching ol' I ho mineral called fel- 
spar. (In examifiing any of these volcanic rocks, where tiny lane 
not suflered disintegration, we r«arely fail to delect a cryslallini; 
arrangement in one or more of the eom])onent min(*rals. iSunudinu's 
Ihc texture of the mass is cellular or porous, or we jierceive that it 
has onco been full of pores and cells, which Ijavc afterwards become 
Jiil(*d with carbonate of lime, or other inliltrated mineral. 

Most of tlio volcanic rocks produce a fertile soil by their disinte- 
gration. Tt seems that their component ingrcdimits, silica, alumina, 
lime, potash, iron, and the rc;,t, are in proj)()rtions well iitted J‘or 
the growth of vegetation. As do not eflervesee with acids, a 
deficiency of calcareous matter might at Jirst be suspccte<l; but 
although t/ie carbonate of lime is rare, except in the nodules of 
aiiiygdaloids, yet it will be^seen that lime sometimes enters iajgcly 
into the composition of augitc and hornblende. (See Table, p. 602.) 

Cones and Craters . — In regions wJiere the eiaiption of volcanic 
matU;r has taken place in the open air, and where the surlace' has 
never since been subjected to great aqueous denudation, cones and 
craters constitute tlie most striking peculiarity of this class of forin- 
alions. Many hundreds of these cones arc seen in central Frances 
in the ancient provinces of Auvergne, Yehiy, and Vivarais, where 
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Stcp-lik(‘ appvaranco cif trap. 
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llicy observe, for the most part, a linear arrangement, and form 
chains of hills. Althougli none of tlio eruptions have happened 
within the historieal era, tlie streams of lava may still be traced dis- 
tinctly descending from many of the craters, and following the lowest 
levels ol the existing valleys. The origin of the cone and crater- 


Fip. C74. 



I'.irt of tliv cli.iin of extinct volcanos called the Monts Dome, Auvergne. (Scrope.) 

sliapcHl hill is w<*ll understood, the growth of many having been 
Avattdied during volcanic eruptions. A chasm or fissure first opens 
in the earth, from which great volumes of steam and other gases are 
evolved. The (jxplosions are so violent as to hurl up into tJio air 
fragments of broken stone, parts of which are shivercMl into minute 
atoms. At the same 1 ime inelietl stone or lava usually ascends throiigli 
llie chimney or vent by wbicli the gases make ilieir escape'. Althougli 
extreiiK'ly lietivy, this lava is forced up by tlie expan^iivo power ol* 
entangled gaseous fluids, cliiefly steam or aqueous vapour, exactly in 
llie same manneT as wat(T is made* to boil over tlie edge of a vessel 
wJu'n steam has bc'cn generated at tlie bottom by heal. Largt' 
(jiiantities of tJic lava arc also shot uji into the air, where it separates 
into fragments, and acquires a spongy texture by the sudden (‘iilarge- 
nient of the inchuled gases, and iJius forms scor’nr, other portions 
lieing r('du(!ed to an impalpable powder or dust. "J'lie shoAveriiig 
down of the various (*jected materials round tlie oriliee of eruption 
gives rise to a conical mound, in wliich the successive cnvelo])es of 
sand and seoriie form layers, dipping on all sides from a central axis. 
In the UK'aii time a hollow, called a crater^ has b(‘en kept op(;n in 
the middle of the mound by the continued passage ujiwards of steam 
and other gaseous fluids. Tlie lava sometimes flows over the edge of 
the crater, and thus lliickeiis and strengthens the sid(*s of tlie cone; 
))ut sonuitimes it breaks down tlie cone on one side (sec', fig. (>74.), 
and oft(*n it flows out from a fissure at the base of the hill, or at 
some distance from its ba'^e.* 

Com posit ion and nomrnchifure . — Before speaking of the connection 
between the ])roduets of niodiTii volcanos and thc rocks iiMially styled 
Irappi'un, and before describing tlie external j’orms of both, and the 
manii(*r and position in which they occur in the earth’s crust, it will 
be desirable to treat of tlieir mineral composition and names. Tlui 
\ arieties most frequently spoken of are basalt and trachyte, to which 

* Jj'or ji description and theory of active volcanos, sec Principles of Geology, 
cha2)s. xxiv. et scq. & xxxii. 
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dolcritc, greenstone, clinkstone, and others might be added; while 
those founded chiefly on peculiarities of texture, are porphyry, 
amygdaloid, lava, volcanic breccia or agglomerate, tuff, scoriae, and 
pumice. It may be stated generally, that all these are mainly com- 
posed of two minerals, or families of simple minerals, felspar and 
hornblende; but the felspar preponderates greatly even in thos(j 
rocks to which the hornblendic mineral imparts its distinctive cha- 
racter and prevailing colour. 

The two minerals alluded to may be regarded as two groups, rather 
than species. Felspar, for example, may be, first, common felspar 
(often called Orthoelase), that is to say, potash-felspar, in whicli tho 
predominant alkali is potash (see Table, p. (>02.); or, secondly, albite 
i.e. soda-felspar, where the predominant alkali is soda ; or, thirdly, 
Oligoclasc, in whicli there is also more soda than potash, but which 
contains less silica than albite ; or, fourthly, Labrador-iclspar (Labra- 
dorite), which differs not only in its iridescent hues and cleavage, 
but also in containing less silica than albite, and in having lime 
in its base. Anorthite, so called from the oblique interfacial angles 
of its rhomboidal prisms, is nearly allied in composition with La- 
bradoritc. As to “glassy felspar” and “compact felspar,” they 
cannot rank as varieties of equal importance, for both the albitic and 
common felspar appear sometimes in transparent or glassy crystals ; 
and compact felspar, or petro-silex, is a compound of a less definite 
nature, sometimes containing largely both soda and potash. Itmightbe 
called a felspathic paste, being the residuary matter after portions of 
the original matrix have crystallized. Kecent analysis has shown that 
all the varieties of felspar may contain both potash and soda, although 
in some of them the potash, and in others the soda, greatly prevails. 

The hornblendic group consists principally of two varieties ; first, 
hornblende, and, secondly, augite, which were once regarded as 
very distinct, although now some eminent mineralogists are in doubt 
whether they are not one and the same mineral, differing only as one 
crystalline form of native sulphur differs from another. 

The liistory of the changes of opinion on this point is curious and 
instructive. Werner first distinguished augite from hornblende ; and 
his proposal to separate them obtained afterw^ards tho sanction of 
Haiiy, Mohs, and other celebrated mineralogists. It was agreed that 
the form of the crystals of the two species were different, and their 
structure, as shown by cleavage^ that is to say, by breaking or cleaving 
the mineral with a chisel, or a blovir of the hammer, in the direction 
in which it yields most readily. It was also found by analysis thar. 
augite usually contsyned more lime, less alumina, and no fluoric acid ; 
which last, though not always found in hornblende, often enters into 
its composition in minute quantity. In addition to these characters, 
it was remarked as a geological fact, that augite and hornblende are 
very rarely associated together in the same rock ; and that when this 
happened, as in some lavas of modern date, the hornblende occurs in 
the mass of the rock, where crystallization may have takeji place more 
slowly, while the augite merely lines cavities where the crystals may 
have been produced rapidly. It was also remarked, tJiat in tho 



Ch. XXVIII.] THEORY OP ISOMORPHISM. 591 

<Tystalline slags of furnaces, augitic forma were frequent, the horn- 
blendic entirely absent ; hence it was conjectured that hornblende 
might be the result of slow, and augite of rapid cooling. TJiis vicAv 
Avas confirmed by the fact, that Mitscherlich and Berthier were able 
to make augite artificially, but could never succeed in forming horn- 
blende. Lastly, Gustavus Rose fused a mass of hornblende in a 
porcelain furnace, and found that it did not, on cooling, assume 
its previous shape, but invariably took that of. augite. The same 
mineralogist observed certain crystals in rocks from Siberia which 
presented a hornblende cleavagcy while they had the external form 
of augite. 

If, from these data, it is inferred that the same substance may 
assume the crystalline forms of hornblende or augite indifferently, 
according to the more or less rapid cooling of the melted mass, it is 
nevertheless certain that tlio variety commonly called augite, and 
recognised by a peculiar crystalline form, has usually more lime in it, 
and less alumina, than that called hornblende, although the quantities 
of these elements do not seem to be always the same. Unquestionably 
the facts and experiments above mentioned sliovv the very near 
affinity of hornblende and augite ; but even the convertibility of one 
into the other, by melting and recrystallizing, does not perhaps de- 
monstrate their absolute identity. For there is often some portion 
of the materials in a crystal Avhich are not in perfect chemical com- 
bination with the rest. Carbonate of lime, for-example, soiiictimcs 
carries with it a considerable quantity of silex into its own form 
of crystal, the silex being mechanically mixed as sand, and yet not 
preventing the carbonate of lime from assuming the form proper to 
it. This is an extreme case, but in many others some one or more 
of the ingredients in a crystal may be excluded from perfect chemical 
union ; and after fusion, when the mass rccrystallizes, the same 
elements may combine perfectly or in neAV proportions, and thus a 
new mineral may bo produced. Or some one of the gaseous elements 
of the atmosphere, the oxygen for example, may, Avhen the melted 
matter rcconsolidates, combine with some one of the component 
elements. 

The different quantity of the impurities or refuse above alluded to, 
which may occur in all but the most transparent and perfect crystals, 
may partly explain the discordant results at wliich experienced 
chemists have arrived in their analysis of the same mineral. For the 
reader Avill find that crystals of a mineral determined to be the same 
by physical characters, crystalline form, and optical properties, have 
often l^en declared by skilful analyzers to be composed of distinct ele- 
ments. (See the table atp. 602.) This disagreement seemed at first 
subversive of the atomic theory, or the doctrine that there is a fixed 
and constant relation between the crystalline form and structure of 
a mineral and its chemical composition. The apparent anomaly, 
however, which threatened to throAV the Avhole science of mineralogy 
into confusion, was in a great degree reconciled to fixed principles 
by the discoveries of Professor Mitscherlich at Berlin, avIio ascertained 
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that tlic composition of the minerals which liad appeared so variable, 
was governed by a general law, to v/hich ho gave the name of 
isomorphism (from isoSy equal, and morphcy form). Ac- 

cording to this law, the ingredients of a given species of mineral are 
Tiot absolutely fixed as to their’kind and quality ; but one ingredient 
may be replaced by an equivalent portion of some analogous ingre- 
dient. Thus, in augitc, the lime may be in part replaced by portions 
of protoxide of iron, or of manganese, while the form of the crystal, 
and the angle of its cleavage planes, remain the same. These 
vicarious substitutions, however, of particular elements cannot exceed 
oerlain defined limits. 

Pt/roxeney a name of Ilaiiy’s, is often used for augite in descrij)- 
tions of volcanic rocks. It is properly, according 1o ]\r. Delcsse, a 
general name, under which Augitc*, Diallage, and Ilyperstheno may 
be united, for these three are varieties of one and the same mineral 
species, having the same chemical formula with variable bases. 

Amphibole is in like manner a general term under which Horn- 
blende and Actinolite may be united. 

Having been led into this digrc'ssion on some recent steps made in 
the progress of mineralogy, I may hero observe that the geological 
student must endtaivour as soon as possible to familiarize himself 
with the characters of five at least of the most abundant simple 
minerals of which rocks arc eoiiiposed. U'lu'^e are felspar, quartz, 
mica, hornblende, and carbonate of lime. This knowledge cannot 
be acquired from books, but recpiires personal inspection, and the 
aid of a teacher. ^ It is well to accustom the eye to know the appear- 
ance of rocks under the lens. To learn to distinguish felsj)ar from 
quartz is the most important step to bo first aimed at. In general 
we may know tluj felspar Ix'cause it can be scratched with the point 
of a knife, whereas the; quartz, from its extreme hardness, receives 
no impression. If both mincu-als aro crystalline, the felspar may be 
known by its lamellar, and the quartz by its glass-like fracture ; but 
when they occur in a granular or uncrystallizcd state, the young 
geologist must not be discouraged if, after considerable practice, be 
often tails to distinguish tliem by the eye alone. If the felspar is 
granular, the blow-pipe may bo used, for the edges of the grains can 
be rounded in the flame, whereas those oi' quartz are infusihle. In 
order to detect the varieties of felspar above enumerated, and to 
distinguish hornblende from augite, the rejecting goniometer will 
often be useful, enabling the mincialogist to ascertain the angle of 
cleavage and shape of the crystal. 

The external characters and composition of the felspars are ex- 
tremely diffijrent from those of augite or Imrnblendo ; so that the vol- 
canic rock.s in wliich (dthcr of the.so minerals play a conspicuous pfirt 
are easily recognizable. But there aro mixtures of the two elements 
in very diflerent proportions, the mass being sometimes exclusively 
composed of felspar, and at other times largely of augitc. Between 
the two extremes there is almost every intermediate gradation ; yet 
certain compounds i)rovail so extensively in nature, and preserve so 
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much uniformity of aspect and composition, that it is useful in 
geology to regard them as distinct rocks, and to assign names to 
them, such as basalt, greenstone, trachyte, and others presently to 
be mentioned. 

Basalt — As an example of rocks in which augito is a conspicuous 
ingredient, basalt may tirst bo mentioned. Although wo are more 
familiar with tliis term than with that of any otlier kind of trap, it 
is dilFicult to define it, the namo having been used so compre- 
hensively, and sometimes so vaguely. It has been generally applied 
to any trap rock of a black, bluish, or leaden-grey colour, having a 
uniform and compact texture. Most strictly, it consists of an inti- 
mate mixture of felspar, augito, and iron, to which a mineral of an 
olive-green colour, called olivine, is often superadded, in distinct 
grains or nodular masses. The iron is usually magnetic (oxyduhit(‘d 
iron), and is often accompanied by another metal, titanium. The 
term “Dolerite” is now much used for this rock, when the felspar is 
of the variety called Labradorite, as in the lavas of Etna. Basalt, 
according to Dr. Daubeny, in its more strict sense, is composed of 
“an intimate mixture of nugite with a zeolitic mineral whieli ap- 
peal's to have been formed out of Labradorite by the addition of 
water, the presence of water being in all zeolites the cause of that 
bubbling up under the blow-pipe to which they owe their appella- 
tion.”* Of late years the analyses of M. Delesse and other eminent 
mineralogists have shown that the opinion once entertained, that 
augite was the prevailing mineral in basalt, or even in the most 
aiigitic trap rocks, must be abandoned. Although its presence gives 
to these rocks their distinctive character as contrasted with trachytes, 
still the principal clement in their composition is felspar. 

Aufjite rock has, indeed, been defined by Leonliard Jis bi'ing made 
up principally or wholly of augito •!■, and in some veinstones, says 
Dehjsse, such a rock may be found ; but the gr(‘aler part of what 
passes by the name of augito rock is more rich in green fels])ar 
tlian ill angitc. Amphibolite^ in like marnun*, or Hornhleadc rocky 
is a trap of the basaltic ianiily, in which there is much hornblende, 
and in wliich this mineral has been sujiposed to predominate ; but 
D(‘les.s(j finds, by analysis, that the felspar may bo in excess, the 
base b(!ing felspathic. 

In some varieties of basalt the quantity of olivine is very great; 
and as tliis mineral difiers but slightly in its chemical composition 
from serpentine (sec I able of Analyses, p. G02.), conlaining even a 
larger proportion of magnesia than ser|ientinc, it has been suggested 
witli much probability that in the course of ages some basalts highly 
charged with olivine may be turned, by mctamorpliic action, into 
serpentine. 

Trachyte. — This name, derived from rpax^c, rough, has been 
given to the felspathic class of volcanic rocks w'hich liavo a coarse, 
cellular paste, rough and gritty to tlie touch. This paste has 
commonly been supposed to consist cliiefly of albite, but according 

• Volcanos, 2d ed. p. 18. t Mincralrcich, 2d ed. p. 85. 
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to M. Delessc it is variable in composition, its prevailing alkali being 
soda. Tlirough the base are disseminated crystals of glassy felspar, 
mica, and sometimes quartz and hornblende, although in the trachyte, 
properly so called, there is no quartz. The varieties of felsi)ar which 
occur in trachyte are trisilicates, or those in which the silica is to 
the alumina in the proportion of three atoms to one.* 

Trachytic Porphyry^ according to Abich, has the ordinary com- 
position of trachyte, with quartz superadded, and without any augite 
or titaniferous iron. Andesite is a name given by Gustaviis Rose to 
a trachyte of the Andes, which contains the felspar called Andesin, 
together with glassy felspar (orthoclase) and hornblende dissemi- 
nated through a dark-coloured base. 

Clinkstone^ or PhonoUte, — Among the felspathic products of vol- 
canic action, this rock is remarkable for its tendency to lamination, 
which is sometimes such that it affords tiles for rooting. It rings 
when struck with the hammer, whence its name; is compact, and 
usually of a greyish blue or brownish colour ; is variable in compo- 
sition, but almost entirely composed of felspar, and in some cases, 
according to Gmelin, of felspar and mesotype. When it contains 
disseminated crystals of felspar, it is called Clinkstone porphyry. 

Greenstone is the most abundant of those volcanic rocks which are 
intermediate in their composition between the Basalts and Trachytes. 
I'he name has usually been extended to all granular mixtures, 
whether of hornblende and felspar, or of augite and felspar. The 
term diorite has been applied exclusively to compounds of hornblende 
and felspar. According to the analyses of Delesse and others, the 
cliief cause of the green colour, in most greenstones, is not green 
hornblende nor augite, but a green siliceous base, very variable and 
indefinite in its composition. The dark colour, however, of diorite is 
usually derived from disseminated plates of hornblende. 

The Basalts contain a smaller quantity of silica than the Trachytes, 
and a larger proportion of lime and magnesia. Hence, independently 
of the frequent presence of iron, basalt is heavier. Abich has there- 
fore proposed that wc should weigh these rocks, in order to appre- 
ciate their composition in cases where it is impossible to separate 
their component minerals. Thus, the variety of basalt called doleritc, 
which contains 53 per cent, of silicti, has a specific gravity of 2*86 ; 
whereas trachyte, which has 66 per cent, of silica, has a sp. gr. of 
only 2*68 ; trachytic porphyry, containing 69 per cent, of silica, a 
sp. gr. of only 2*58. If we tlien take a rock of intermediate compo- 
sition, such as that prevailing in the Peak of Tenoriffe, which Abich 
calls Trachyte-dolerite, its proportion of silica being intermediate, 
or 58 per cent., it weighs 2*78, or more than trachyte, and less than 
basaltf The basalts arc generally dark in colour, sometimes almost 
black, whereas the trachytes are grey, and even occasionally white. 
As compared with the granitic rocks, basalts and trachytes contain 
both of them more soda in their composition, the potash-felspars 


Dr. Daubenj on Volcanos, 2d cd. pp. 14, 15. 


f Ibid. 
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being generally abundant in the granites. The volcanic rocks 
moreover, whether basaltic or trachytic, contain less silica than the 
granites, in wliich last the excess of* silica has gone to form quartz. 
This mineral, so conspicuous in granite, is usually wanting in the 
volcanic formations, and never predominat(*s in them. 

The fusibility of the igneous rocks generally exceeds that of other 
rocks, for the alkaline matter and lime which commonly abound in 
their composition serve as a flux to the large quantity of silica, which 
would bo otherwise so refractory an ingredient. 

We may now pass to the consideration of those igneous rocks, the 
characters of which are founded on their form rather than their 
composition. 

Porphyry is one of this class, and very characteristic of the vol- 
canic formations. When distinct crystals of one or more minerals are 
scattered through an earthy or compact base, the rock is termed 
a i)orphyry (see fig. 675.). Thus trachyte is porphyritic ; for in it, 
as in many modern lavas, there arc crystals of felspar ; but in some 
porphyries the crystals arc of augite, olivine, or other minerals. 
If the base bo gr(‘cmstoiic, basalt, or pitchstone, the rock may be 
denominated greenstone-porphyry, pitchstone-porphyry, and so 
forth. The old classical typo of this form of rock is the red por- 
phyry of Egypt, or the well known 
‘‘ Rosso antico.” Itconsists, according 
to Dclesse, of a red felspathic base in 
which are disseminated rose-coloured 
crystals of the felspar called oligochise, 
with some plates of blackish horn- 
blende and grains of oxidized iron-ore 
(for oligisto). Red quartziferous por^ 
phyry is a much more siliceous rock, 
containing about 70 or 80 per cent, 
of silex, while that of Egypt has only 
62 per cent. 

Amygdaloid. — This is also ano- 
ther form of igneous rock, admitting 
of every variety of composition. It comprehends any rock in which 
round or almond-shaped nodules of some mineral, such as agate, 
calcedony, calcareous spar, or zeolite, are scath^red through a base of 
wacke, basalt, greenstone, or other kind of trap. It derives its name 
from the Greek word amygdala^ an almond. The origin of this 
structure cannot bo doubted, for wo may trace the process of its 
formation in modern lavas. Small pores or cells are caused by 
bubbles of steam and gas confined in the melted matter. After or 
during consolidation, these empty spaces are gradually filled up by 
matter separating from tho mass, or infiltered by water permeating 
the rock. As these bubbles have been sometimes lengthened by the 
flow of the lava before it finally cooled, tlio contents of such cavities 
have the form of almonds. In some of the amygdaloidal traps of 
Scotland, where the nodules have decomposed, the empty cells are 


Fig. 675. 



Porphyry. 

White crTKtals of feUpiir in a dark base 
of hornblende and felspar. 


LAVA — SCOEIiE — PUMICE. 
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seon to have a glazed or vitreous coating, and in this respect exactly 
resemble scoriac('Ous lavas, or the slags of furnaces. 

The annexed figure represents a 
fragment of stone tak^n from the 
upper part of a sheet of basaltic 
lava in Auvergijc. One half is 
scoriaceous, the pores being per- 
fectly empty; the otluT part is 
amygdaloidal, the pores or cells 
being mostly filled up ■with car- 
bonate of lime, forming wliito ker- 
nels. 

Lava . — This term has a some- 
what vague signilication, having 
been applied to all melted matter 
observed to flow in str(*ams from 

S. <»naccous lava in pari converted into an volcailic VCUis. WllCll this matter 
uinygdiiloid. 

Mtintapiir de la Veillc, Department of Puy Consolidates ill tllC OpOU air, tllO 
de Bonus 1-niiice. Upper part is usually seoriaeeous, 

and the mass becomes more and more stony as we descend, or in 
proportion as it has consolidated more slowly and under greater 
pri*sMire. At the bottom, however, of a stream of lava, a small 
portion of scoriaceous rock very frequently occurs, formed by the 
first thin sheet of liquid matter, which often precedes the main cur- 
rent, or in consequence of the contact with water in or upon the 
damp soil. 

'^riie more compact lavas arc often porphyritic, but even the 
scoriaceous jiart sometimes contains imperfect crystals, which have 
been (Ic’rived from some older rocks, in which the crystals pre- 
existed, but were not melted, as being more infusible in theii 
nature. 

Although melted matter rising in a crater, and even that which 
cnt(‘rs a rent on the side of a crater, is called lava, yet this term 
belongs more propendy to that whiclj lias flowed cither in the open 
air or on the bed of a lake or sea. If the same fluid has not reached 
the surface, but has been merely injected into fissures below ground, 
it is called trap. 

There is every variedy of composition in lavas ; some arc tracliy- 
tic, as in the Peak of TcnerifFe ; great number arc basaltic, as in 
Vesuvius and Auvergne; ; others arc Andesitic, as those of Chili ; 
some of the most modern in Vesuvius consist of green augite, and 
many of those of Etna of augite and Labrador-felspar.* 

Scot ice and Pumice may next bo m('ntion(;d as porous rocks, pro- 
duceui by the action of gas(;s o i materials melted by volcanic h(;at. 
ScoricB are usually of a reddish-brown and black colour, and are the 
cinders and slags of biisallic or augitic lavas. Pumice is a light, 
spongy, fibrous substance, produced by the action of gases on 



G. Rose, Ann. des Mines, tom. viii. p. 32. 
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tracliytic and other lavas ; the relation, however, of its origin to the 
composition of lava is not yet well understood. Von Buch says that 
it never occurs whore only Labrador-felspar is present. 

Volcanic tuff, Trap tuff. — Small angular fragments of the scoriae 
and pumice, above-mentioned, and the dust of the same, produced by 
volcanic explosions, form the tuffs which abound in all regions of 
active volcanos, wlujre showers of these materials, togetlier with 
small pieces of other rocks ejected from the crater, fall down upon 
the land or into the sea. Hero they often become mingled with 
shells, and are stratified. Such tuffs are sometimes bound together 
by a calcareous cenumt, and form a stone susceptible of a beautiful 
polish. But even when little or no lime is present, there is a great 
tendency in the materials of ordinary tuffs to cohere together. Be- 
sides the peculiarity of their composition, some tuffs, or volcanic grits, 
as they have be(m termed, differ from ordinary sandstones by the 
angularity of their grains, and they often pass into volcanic breccias. 

According to IMr. Scrope, the Italian geologists confine the term 
tuff, or tufa, to felspathose mixtiir(‘s, and those eorn])Osed principally 
of puniic{», using the term peperino for the basaltic tuffs.* The 
peperinos thus distinguish(‘d arc usually brown, and the tuffs grey or 
white. 

Wo meet occasionally with extremely compact beds of volcanic 
mat(.'rials, iriterstratilu‘d with fossiliferous rocks. . These may some- 
times bo tulfs, although their density or compactness is such as to 
cause them to resemble many of those? kinds of traj) which are found 
in onliiiary dikes. The chocolate-coloured mud, which was poured 
for weeks out of the cratcT of Graham’s Island, in the Mediterranean, 
in 1831, must, when unmixed with other materials, have constituted 
a stone heavier than granite. Each cubic inch of the impalpabh* 
powder which has fallen lor days through the atmosplu^re, during 
some modern eruptions, has b(*en found to weigh, without being 
coni})ressed, as much as ordinary trap rocks, and to bo often identical 
with these in mineral composition. 

Pahigonite-tu ff. — The nature of volcanic tuffs must vary according 
to the mineral composition of the ashes and cinders thrown out of 
('ach vent, or from the same vent, at different times. In descrip- 
tions of Iceland, we read of Palagonite-luffs as very common. Tin? 
name Palagonite "was first given by Professor Bun.-en to a mineral 
occurring in the vohainic formations of Palagonia, in Sicily. Jt is 
rather a mineral substance than a mineral, as it is always amorphous, 
and has never been found crystallized. Its composition is variable, 
but it may bo defined as a hydrosilicate of alumina, containing oxide 
of iron, lime, magnesia, and some jilkali. It is of a brown or black- 
ish-brown colour, and its specific density, 2*43. It enters largely 
into the composition of volcanic tuffs and breccias, and is considered 
by Bunsen as an altered rock, resulting from tho action of steam on 
volcanic tuffs. 


* Gcol. Trans. 2nd scries, vol. ii. p. 21U 
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Agglomerate. — In the neighbourhood of volcanic vents, wo fre- 
quently observe accumulations of angular fragments of rock, formed 
during eruptions by the explosive action of steam, which shatters the 
subjacent stony formations, and hurls them up into the air. They 
then fall in showers around the cone or crater, or may be spread for 
some distance over the surrounding country. The fragments consist 
usually of different varieties of scoriaceous and compact lavas ; but 
other kinds of rock, such as granite or even fossiliferous limestones, 
may be intermixed ; in short, any substance through which the ex- 
pansive gases have forced their way. The dispersion of such ma- 
terials may be aided by the wind, as it varies in direction or intensity, 
and by the slope of the cone down which they roll, or by floods of 
rain, which often accompany eruptions. But if the power of run- 
ning water, or of the waves and currents of the sea, be sufficient to 
carry the fragments to a distance, it can scarcely fail (unless where 
ice intervenes) to wear off their angles, and the formation then 
becomes a conglomerate. If occasionally globular picices of scorise 
abound in an agglomerate, they do not owe their round form to at- 
trition. 

The size of the angular stones in some agglomerates is enormous ; 
for they may be two or thre(j yards in diameter. TIkj mass is oft(m 
.'30 or 100 feet thick, without showing any marks of stratification 
The term volcanic breccia may be restricted to those tuffs which 
arc made up of small angular pieces of rock. 

The slaggy crust of a stream of lava will often, while yet in 
motion, split up into angular pieces, some of which, after the current 
has ceased to flow, may be seen to stick up five or six feet above the 
general surface. Such broken-up crusts resemlde closely in structure 
the agglomerates above described, although the composition of the 
materials will usually be more homogeneous. 

Laterite is a red or brick-like rock composed of silicate of alu- 
mina and oxide of iron. The red layers, called “ ochre beds,” di- 
viding the lavas of the Giant’s Causeway, arc laterites. T.hcsewcrc 
found by Delesso to be trap impregnated with the red oxide of iron, 
and in part reduced to kaolin. When still more decomposed they 
were found to be clay coloured by red ochre. As two of the lavas 
of the Giant’s Causeway are parted by a bed of lignite, it is not im- 
probable that the layers of laterite seen in the Antrim clifik resulted 
from atmospheric decomposition. In Madeira and the Canary Is- 
lands streams of lava of subaerial origin are often divided by re 
bands oflaterite, probably ancient soils formed by the decomposition 
of the surfaces of lava-currents, many of these soils having been 
coloured red in the atmosphere by oxide of iron, others burnt into 
a red brick by the overflowing jf heated lavas. These red bands 
are sometimes prismatic, the small prisms being at right angles to 
the sheets of lava. Eed clay or red marl, formed as above stated by 
the disintegration of lava, 'scoriaj, or tuAT, has often accumulated to 
a great thickness in the valleys of Madeira, being washed into them 
by alluvial action ; and some of the thick beds of laterite in India 
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may have had a similar origin. In India, however, especially in 
the Dcccan, the term latcrite ” seems to have been used too vaguely. 

It would be tedious to enumerate all the varieties of trap and 
lava which have been regarded by different observers as *Bufficiently 
abundant to deserve distinct names, especially as each investigator is 
too apt to exaggerate jthe importance of local varieties which happen 
to prevail in districts best known to him. It will be useful, however, 
to subjoin here, in the form of a glossary, an alphabetical list of the 
names and synonyms most commonly in use, witli brief explanations, 
1o which I have added a table of the analysis of the simple minerals 
most abundant in the volcanic and hypogene rocks. 

Explanation of the Names, Synonyms, and Mineral Composition of 
the more abundant Volcanic Rocks, 

Agglomebate. a coarse breccia^ composed of fragments of rock, cast out of 
volcanic vents, for the most part angular and without any admixture of 
water- worn stones. “ Volcanic conglomerates ” may be applied to mixtures 
ill whicli water- worn stones occur. 

AriiANiTi:, Sve Corncan. 

AMriiiiuiLiTE, or IloitNiiLENDE BocK, wbich see. 

Amygdaloio. a i^articular form of volcanic rock ; see p. 595. 

A L CITE Kock. a rock of the basaltic family, composed of felspar and augito. 
See p. .093. 

AuGiTic-roRi'iiYUT. Crystals of Labrador-felspar and of augite, in a green or 
. dark grey base, {^liose, Ann, des Mines, tom, 8. p. 22. 1835.) 

Basalt. An intimate mixture of felspar and augite witli magnetic iron, olivine, 
&c. See p. 593. 

Basaxitk. Name given liy Alex. Brongniart to a rock, having a base of basalt, 
with more or less distinct crystals of augite disseminated through it. 

Claystone and CLATSTONE-roKriiYRY. An earthy and compact stone, usually of 
a purplish colour, like an indurated clay ; posses into hornstone ; generally 
contains scattered crystals of felspar and sometimes of quartz. 

Clixksi'oxe. -Sy/i. I’honolite, fissile Betrosilex, see pt 594.; u greyisli-bluc rock, 
having a tendency to divide into slabs ; bard, with clean fracture, ringing 
under the hammer; principally composed of felsj)ar, and, according to 
Gmclin, of felspar and mesotype. {Leonhard, Mineralreich, p. 102.) 
Compact Felspar, which has also l)een called Petrosilex; the rock so called 
includes the hornstone of sonic mineralogists, is allied to clinkstone, hut is 
harder, more compact, and translucent. It is a varying rock, of which the 
chemical composition is not well defined. {MacCullocICs Classification oj 
Rocks, p. 481.) 

OoRNEAN or Aphanite. a compact homogeneous rock without a trace of 
crystallization, breaking with a smooth surface like some coinjiact basalts; 
consists of hornblende, quartz, and felspar in intimate combination. It 
derives its name from the Latin word cornu. Lorn, in allusion to its 
toughness and compact texture. 

Di ALLAGE Kock. Syn, Eiiphotidc, Gabbro, and some Ophiolites. Compounded 
of felspar and diallage. 

Diorite. a kind of Greenstone, which see. Components, felspar and hornblende 
in grains. According to Rose, Ann, des Mines, tom. 8. p, 4., diorite consists 
of albitc and hornblende, but Dclcbss has shown that the felspar may be 
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Oligoclaso or Labradoritc. {Ann. des Mines^ 1849, tom. 16. p. 323.) Ita 
dark colour is due to disseminated plates of hornblende. See above 
p. 594. 

Doleritk. According to Rose (ibid. p. 32.), its composition is black augito and 
Liibrador-fclspar ; according to Lconliiird {Mineralreich, &c., p. 77.), 
augitc, Lubrador-fclspat, and magnetic iron. See above, p. 593. 

DoAriTE, An cartliy bachyte, found in the Puy do Dome, in Auvergne. 

Eltiiotide. a mixture of grains of L.abrador-felspar and diiillagc. (Rose, ibid. 
p. 19.) According to some, this rock is detined to be a mixture of augitc 
or hornblende and Saussiirite, a mineral allied to jade. {Allans Mine- 
ralony, p. 158.) llaidiiiger first observed that in this rock hornblende 
surrounds the crystals of diallage. 

Eelstone. Same ns compact felspar (which see). When crystals of felspar occur 
in it, it becomes felstone or felspar-porphyry. See also Ilornstonc. 

CrAuimo, see Dialliigc rock. 

(Ji^E^:NsroNE. Syn. A mixture of felspar and hornblende. See above, p. 504. 

Greystone. (Graustein of Werner.) Lead-grey and greenish rock composed of 
felspar and augitc, the felspar being more than scveiity-liv'* per cent. {Scrope, 
Journ. of Sci. No. 42. p. 221.) Greystone lavas are intermediate in com- 
po.sition between basaltic and trachytic lavas. 

Hornblende Rociv, or Amimiibolite. This rock, as dcfii\cd by Leonhard, is 
composed entirely of bonibleiidc ; but sueliaroek appears to be cxceptioiud, 
and conlineil to mineral veins. Any rocks in which hornblende plays a 
conspicuous part, constituting the “ roches ainphibolicfucs ” of bVciich 
WTiters, may be calleil hornblende rock. They always contain more or less 
felspar in their composition, and pass into basalt or greenstone, or aphaiiite. 
See p. 593. 

IIoRNSTONE-roHi'iiTRY. A kind of felspar porphyry {Leonhard, loc. cit.\ with a 
base of hornstone, a mineral approaching near to flint, which diliers from 
compact felspar in being infusible. 

Hypers riiENE Rock, a mixture of grains of Labrador-felspar and hypcrstlieno 
{Rose, Ann. des Mines, tom. 8. p. 13.), liaving the structure of syenite or 
granite ; abundant among the traps of Skye. It is extremely tough, gray- 
ish, and greenish black. Some geologists consider it a greenstone, in which 
hyiicrstheiic replaces horublciide ; and this o}»iiiioii, says Delcs^c, is borne 
out by the fact lliat hornblende usually occurs in hyper.stheiio rock, ofteii 
enveloping the crystals of hy perstheue. The latter have a pearly or metallic- 
pearly lustre. 

Laterite. A red, jaspery, brick-like rock, composed of silicate of alumina and 
oxide of iron, or sometimes cuusisting of clay coloured with red ochre. 
Sec above, p. 598. 

Melapuyre. A variety of black porphy.y composed of Labrador-felspar and a 
small quantity of augitc. Ita black colour was formerly attributed to dis- 
seminated microscopic crystals of augitc, but M. Delcssc Jims shown tliat 
the ])aste is discoloured hy hydrochloric acid, W'hcrcas this acid docs not 
attack the crystals of augitc, which are seen to he isolated, and few in 
number. {Ann, des Mines, 4th scr. tom. xii. p. 228.) From p^Aas, melas, 
black. 

Obsidian. Vitreous lava like melted glass, nearly allied to pitciistone. 

OniioLiTE. A name given by Al. Brongniart to serpentine. 

Oi'iiiTE. A name given by Palassou to certain trap rocks of the Pyrenees, very 
variable in composition, usually composed of Labrador-felspar and horn- 
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blende, and sometimes augite, occasionally of a green colour, and passing 
into surpeutiiic. 

I’alaoomte Tuff. An nlforcd volcanic tufF containing tlic substance termed 
jKihigonitc. See p. 597. 

rnAKi.sTuNE. A volcanic rock, having the lustre of mother of pearl ; usually 
Iiaving a nodular structure ; intimately related to oh.sidiau, but Jess glassy, 

rKrniiiNO. A form of volcanic tufl’, composed of basaltic scoriic. See y. 597. 

Pk ru(^&ii.F.x. See Clinkstone and Compact Felspar. 

j’lioNOLiTE. St/n. of Cliukstonc, which see. 

piTCii&TOJiE, or pETiNiTK of tlic Frciich. Vitreous lava, Ic^^- glassy than obsidian ; 
a blackish green rock resembling glass, having a resinous lustre and ap- 
pearance of pitch ; composition usually of glassy felspar (orthochisc) with a 
little mica, quartz, and hornblende ; in Arrau it forms a dike thirty feet 
W'idc, ciittiug through sandstone. 

roncE. A light, spongy, fibrous fonn of trachyte. See p. .'>06. 

rYKOxr.XK’-PoniMiviiv, same as augitic-porjibyry, pyroxene being Ilaiiy’s name 
for aiigitc. 

Seoul ;e. Sy«. volcanic cinders ; reddish brown or black porous form of lava. 
See p. .59(i. 

Serfex’iine. a greenish rock in which there is much magnesia. Its composition 
always ajiproachos very near to the mineral called “noble scriu'iitinc ” (.see 
Table of Analyses, ]). G02.), wdiich forms \eiiis in this rock. The niiner.ols 
most eoininonly found in SeriMmiinc arc diallage, garnet, chlorite, oxydn- 
lous iron, and chromate of iron. The diallagc and garnet oceun’ing in ser- 
pentine are richer in magnesia than when they arc crystallized in other 
rocks. (Delessc, Ann. dcs Mincn, 1851, tom. xviii. iO309.) Occurs some- 
times, thoiigli rarely, in dikes, altering the contiguous strata; is indiifcrently 
a member of the trappoun or hypogeiic series. Its absence from recent vol- 
canic jwodnets seems to imply that it belongs proi)erly to the mctaniorphic 
cla.ss; and, e>eii when it is found in diki*s cutting throngli aqneo?is forma- 
tions, it may be an altered basalt, which uliounded greatly in olivine. 

Teptiiuxe, .synonyniou.s with lava. Njuuc proposed by Alex. Bnnigniart. 

Toad.stoxe. a local name in iXTbysliirc for a kind of wackc, which sec. 

Tu.tcnYi'E. Chiefly composed of glassy felspar, with crystals of glassy felspar. 
See p. 59;}. 

Tiur Ti;ff. See p. 597. 

Tuass. a kill! I of tiiif or mud poured out by lakc-cratcrs during eruptions ; 
coiiiinoii in the Kifel, in Germany, 

Tiff. St/n. Trap-tuff, volcanic tuff. See p. 597, 

ViTUEors Lava. Sec ritehsionc and Obsidian. 

Volcanic Tuff. See p. 597. 

Wacke. a soft and cnrfhy v.'iriety of trap, having an argillaceous aspect. It 
resembles indurated clay, and when scratclicd, exhibits a shining streaK. 

WaiNSTONE. A Scotch provincial term for greeustono and other hard trap rocks. 
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ANALYSIS OF MINERALS MOST AlIUNDANT IN THE VOLCANIC AND 
HVrOGENE ROCKS. 
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Tourmaline or Schorl, black, of 
Oranitefruin Devon (RammeK* 
beig). 

red, of granite from 

Moravia (Rammelaberg). 

Tourmaline (Omelin) . - - 


37* 21- - - 

fj6-75 17-’> - - 

(i t Si 19* B> Ofjft 
68*84 20*63 . - 
71*60 16*61) 0*50 

58*91 24*5i. 0*40 

.6V7'' 26*5 - - 

53*20 27*31 1*01 

63*25 23*92 0*32 

02*87 22*91 traces 

36*76 27*25 - - 
43* Hi* - - 
4‘2* 12* 2*26 
45*611 li is 18*79 
47*88 8*2.1 18*40 

54 25 2 26 14* 
53*7a 24l»i - - 
53*42 1*38 14*96 

64*64 VJ'7h - - 
.|(;-H(1 26*50 - - 
12*5 11*6 9* 

•OO- 3i* - - 

40 0(1 12*67 0*63 
41*22 13*92 4*70 
37*54 19*8l> 3()*.3*2 

49*Ofj 33 61 0*41 


3*86 0*.63 

19*99 truces 
•28*79 - - 


15*43 - - - - 

2*20 - - - - 

15* - . - - 

1 ‘25 12* - - 

0*78 11*07 2*49 

a trace - - 9*12 

1*73 3*16 5*94 

4*01 2-:.a 7*69 

11* - - 4* 

8*0*2 3*40 .) 62 

3*23 2*31 6*88 

‘3*61 1*39 8 16 

20* ’ - - - - 

II* a tract - - 
13 8.6 . . - - 

7*05 0*14 0 65 

1*5 - - - - 


46*23 3J*03 2*10 - - 

40*8(> - - 47 35 - - 

.'lO* - “ 38*5 0 25 

41*0 - - 3v5 - - 

43*07 0*26 40*37 O*.*) 

41 ■68 o ^-.- rj-lil - - 

40*83 0 92 37*98 l-.'jO 

64*85 - - 28*.53 - - 

61* - - 22* - - 

1.1-76 - - 3I*( - - 

6 1 ’75 - - 30‘5 - - 

37*00 33*09 2*58 0*50 


41-1(. 41*83 0*G1 - - 2*17 1*37 


36*18 31 75 4*68 - - 0*48 1*75 


0 .. f 0-85 W. 
® { 0*30 Ch. 

0*62 0*22 VV. 


16*15 traces 
24*.6 .1 trace 


1*5 F. 

l‘601uss.i 


- - 5 61 - - 

2*58 C 06 1*40 J 

0*70 7*17 1*00 


19*(3S 15*70 

r../.v I> t 1 09 


3*48 S. trares 
1172 0*43 

12* 

18*5 


k 1-63 T. 
\l 2-OOF. 

1 1*68 F. 

I 0*90 loss 
r 0*22 F. 

I r.*)! loss 
} 3 69 L. 

) 3 28 F. 

\ 0*11 P. 

( 4*18 loss 


S 012P. 
7*66 B. 
•2*09 lus 
1*49 F. 


f 0 22 Ph. 

i 3 6CB. 
0*41 L. 
2*70 F. 
3*77 loss. 
4-02 V. 


In the last column of the above Table, the following signs are used : D. Boracic acid, C. Carbonic 
acid, Ch. Oxide of Chrome, F. Fluoric acid, L. Lithlne, P. Pbospliurlc acid, T. Oxide of Tiiauium, 
W. Water. In the 7th column of numbers, P. means Protoxide, and S. Sesquioxlde. 
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CHAPTER XXIX. 

VOLCANIC ROCKS — continued. 

Trap dikes — sometimes project — sometimes leave fissures vacant by decomposi- 
tion — Branches wid veins of trap — Dikes more crystalline in the centre — 
Strata altered at or near the contact — Obliteration of organic remains — Con- 
version of chalk into marble — Trap interposed between strata — Columnar and 
globular struccurc — Relation of trappeari rocks to the products of active vol- 
canos — ITorm, external structure, and origin of volcanic mountains — Craters 
and Calderas — Sandwich Islands — Lava flowing iiiulergrourul — Truncation of 
cones — .Javanese calderas — Canary Islands — Structure and origin of the Cal- 
dera of Palma — Older and newer volcanic rocks in, nnconformable — Aqueous 
conglomerate in Palma — Hypothesis of upheaval considered — Slope on which 
stony lavas may form — Extent and nature of aqueous erosion in Palma — Island 
of St. Paul in the Indian Ocean — Peak of Tcncriffe, and ruins of older cone — 
Madeira — Its volcanic rocks, partly of marine, and partly of subaerial origin — 
Central axis of eruptions — Varying dip of solid lavas near the axis, and further 
from it — Leaf-bed, and fossil land-plants — Central valleys of Madeira not 
craters, or calderas. 

IIavinci in ilie last chapter spoken of the composition and mineral 
cliaracttM’s of volcanic rocks, I shall next describe the manner 
and j)ositi()n in which they occur in the earth’s crust, and their 
external forms. The leading varieties both of the basaltic and 
traeliytic rocks, as well as of greenstone and tho rest, are found 
.sometimes in dikes penetrating stratified and unstratifujd formations, 
.sometimes in shapeless masses protruding through or overlying 
them, or in liorizontal sheets intercalated between strata. 

Volcanic or trap (likes. — Fissures have already been spoken of as 
occurring in all kinds of rocks, some a few feet, others many yards 
in width, and often filled up with earth or angular pieces of stone, 
or with sand and pebbles. Instead of such materials, suppose a 

quantity of melted stone to bo 
driven or injected into an open 
rent, and there consolidated, 
we have then a tabular mass 
resembling a wall, and called 
a trap dike. It is not un- 
common to find such dikes 
passing through strata of soft 
materials, such as tuff, scoriae, 
or sluile, which, being more 
perishabl(3 than the trap, are 
often washed away by the 
sea, rivers, or rain, in which 


Fig. 677. 



Dike In valley, near Braapn Head, Madeira. 
(From a drawing of Cupt. Basil Hall, K.N.) 
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case the dike stands prominently out in the face of precipices, or on 
the level surface of a country (see fig. 677.). 

Tn the islands of Arran and Skye, and in other parts of Scotland, 
'where sandstone, conglomerate, and other hard rocks are traversed by 
dikes of trap, the converse of Ihe above phenomenon is seen. The 
dik(», having de(!omposcd more rapidly than the containing rock, has 
once more left open the original lissiire, often for a distance of many 

yards inland from the sea-coast, as 
represented in the annexed view (fig. 
678.). In these instances, the green- 
stone of the dike is usually more tough 
and hard than the sandstone ; but che- 
mical action, and chiefly the oxidation 
of the iron, has given rise to the mure 
rapid decay. 

There is yet another case, by no 
means uncommon in Arran and other 
])arts of Scotland, wliere the strata in 
contact with tlio dike, and for a certain 
distance from it, have been hardened, so 
as to resist the action of Ike weather 
more than the dike itself, or the sur- 
rounding rocks. Wlien this happens, 
two parallel walls of indurat(‘d strata 
arc seen jirotriiding above the general level of the country and 
following the course of the dike. 

As fissures sometimes send off branches, or divide into two or 
more fissures of equal size, so also wo find trap dikes bifurcating 
and ramifying, and sometimes they are so tortuous as to be called 
veins, though this is more common in 
granite than in trap. The ace()in])aiiying 
sketch (fig. 679.) by Dr. MacCulloch re- 
presents part of a sea-cliff in Argylcshire, 
wlierc ail overlying mass of trap. If, sends 
out some veins which terminate down- 
wards, Another trap vein, a a, cuts 
through both the limestone, c, and the 
trap, h. 

Trap veins in Airclnaimirc hnn. ^ ground plan is given of 

a ramifying dike of greenstone, which I observed cutting through 

Fig 680. 




rig. 678. 



Fi»!»uies left \ar.int by deconjiiosod 
trail. Strathaird, Skje. ^M^tcCul- 
locli ) 


Ground plan of greenstone dike traversing sandstone. Arran. 
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sandstone on the beach near Kildonan Castle, in Arran. The 
larger branch varies from 5 to 7 feet in width, which will afford a 
scale of measurement for the whole. 

In the Hebrides and other countries, the same masses of trap 
which occupy the surface of the country far and wide, concealing 
the subjacent stratified rocks, are seen also in the sea cliffs, pro- 
longed downwards in veins or dikes, which probably unite witli 
other masses of igneous rock at a greater depth. Tho largest of the 
dikes rej)resentcd in tho annexed diagram, and which are seen in 
part of tlie coast of Skye, is no less than 100 fe«'L in width. 


Fig. 681. 



Trap dividing and covering sandstone near Siiishnlsh in Skye. (MacCullucii.) 


Evtiry variety of trap-rock is sometimes found in dikes, as basalt, 
greenstone, felspar-porphyry, and iraehyte. Tlie amygdaloidal 
traps also occur, though more rarely, and even tufi* and brc'ccia, for 
the materials of these last may be washed down into open fissures at 
the bottom of th<i sea, or during eruptions on the land may be 
showered into them from the air. 

Some dikes of tra^) may bo followed for leagues uninterrupteclly 
in nearly a straight direction, as in the north of England, showing 
that the fissures Avliicli they fill must liave been of extraordinary 
length. 

In many cases trap at tho edges or sides of a dike is less crys- 
talline or more earthy than in the centre, in consequence of tho 
melted matter having cooled more rapidly by coming in contact 
with the cold sides of the tissurc ; whereas, in the centre, 'where tlie 
matter of the dike is kept longer in a fluitl or soft state, crystals aro 
slowly formed. Hut 1 obs(?rved the converse of tJie above pbe- 
nomena in Tcneriile, in the neighbourhood of Santa Cruz, where a 
dik(» is seen cutting through horizontal beds of scoriae in the sea- 
diir near the Harraneo de Hufadero. It is vertical in its main 
direction, slightly flexuous, and about one foot thick. On each sido 
are walls of compact basalt, but in the centre tho rock is highly 
vesicular for a width of about 4 inches. In this instance, tho 
fissure may have become wider after the lava on each sido had 
consolidated, and tho additional inelte<l matter poured into tho 
middle space may have cooled more rapidly than that at the sidt‘s. 

In th() ancient part of Vesuvius, called Somniii, a thin band of 
half-vitreous lava is found at the edge of some dikes. At the 
junction of greenstone dikes with limestone, a sahJhmid^ or selvage, 
of serpentine is occasionally observed. On the left shore of the 
fiord of Christiania, in Norway, I examined, in company with 
Professor Keilhau, a remarkable dike of syenitic greenstone, which 
is traced through Silurian strata, until at length, in the promontory 
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Fig. 682. 

Syenitic greenstone dike of Naesoddcn, 
C'hristiaiiia. 
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of NtBsodden, it enters mica- 
schist. Fig. 682. represents a 
ground plan, where the dike 
appears 8 paces in widlli. In 
the middle it is highly crystal- 
line and gninitiform, of a purplish 
colour, and containing a few 
crystals of mica, and strongly 
contrasted with the whitish mica- 
schist, between whieh and the 
syenitic rock there is usually on 
each side a distinct black band, 

0 . imbedded fragment of rrystalline schist stir- 18 incllCS wide, of dlirk ffl’CCn- 
roiindcd by a band ol greenstone. n . ® , 

stone. When first seen, these 
bands have the appearance of two accompanying dikes ; yet they 
are, in fact, only the different form which the syenitic materifils 
liavc assumed where near to or in contact with the mica-schist. 
At one point, a, one of the sahlbands terminates for a space; but 
near this therti is a large detached block, having a grteiss-like 
structure, consisting of hornblende and felspar, which is included in 
the midst of the dike. Round this a^smaller encircling zone is seen, 
of dark basalt, or fine-grained greenstone, nearly corresponding to 
the larger ones wliich border the dike, but only 1 inch wide. 

It seems, therefore, evident that the fragment, />, has acted on the 
matter of the dike, probably by.caiising it to cool more rai)idly, in 
the same manner as the walls of the fissure have acted on a larger 
scale. The facts, also, illustrate the facility with which a graniti- 
form syenite may pass into ordinary rocks of the volcanic family. 

TJic fact above alluded to, of a foreign fragment, such as h, 

fig. 682., incliuled in the midst 
of the trap, as if torn off from 
some subjacemt rock or the w'alls 
of a fissure, is by no means un- 
common. A fine example is 
seen in anotlier rlike of green- 
stone, 10 feet wide, in the 
nortliern suburbs of Christiania, 
in Norway, of which tlie an- 
nexed figure is a ground plan. 
The dike passes through shah*, 
known by its fossils to belong to 
the Silurian series. In the 


Fig. 683. 



GrcciMtonp dike, with fragmiMits of gnelsi. 
Sorgenfri, Chnstiuiiia. 


black base of greenstone are angular and roundish pieces of gneiss, 
some while, others of a light flcsh-eolour, some without lamination, 
like granite, others with lamiiia*, which, by their various and often 
opposite directions, show that they have been scattered at random 
through the matrix. These imbedded pieces of gneiss measure from 
1 to about 8 inches in diameter. 

Rocks altered by volcanic dikes . — After these remarks on the form 
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and composition of dikes themselves, I shall describe the alterations 
which they sometimes produce in the rocks in contact with them. 
The changes are usually such as the intense heat of melted matter 
and the entangled gases might be expected to cause. 

Plas^Newydd , — A striking example, near Plas-Newydd, in 
Anglesea, has been described by Professor Henslow.* The dike is 
134 feet wide, and consists of a rock which is a compound of felspar 
and augite (dolerite of some authors). Strata of shale and argilla- 
ceous limestone, through which it cuts perpendicularly, are altered 
to a distance of 30, or even, in isomo places, to 3o feet from the edge, 
of tlie dike- The shale, as it approaclies the trap, becomes gradually 
more compact, and is most indurated where nearest the junction. 
Hero it loses part of its schistose structure, but the separation into 
parallel layers is still discernible. In several places the shale is con- 
verted into hard porcellanous jasper. In the most hardened part of 
the mass the fossil shells, principally Producti, are nearly obliter- 
ated ; yet even hero their impressions may frequently be traced. 
The argillaceous limestone undergoes analogous mutations, losing its 
earthy textuni as it approaches the dike, and becoming granular and 
crystalline. But the most extraordinary phenomenon is the appear- 
ance in the shale of numerous crystals of analcime and garnet, which 
are distinctly confined to those portions of the rock affected by the 
flike.f Some garnets contain as much as 20 per cent, of lime, which 
th(‘y may have derived from the decomposition of the fossil shells or 
Product!. The same mineral has been observed, under very ana- 
logous circumstances, in High Teesdalc, by P^jofessor Sedgwick, 
where it also occurs in shale and limestone, altered by basal t.J 

Antrim , — In several parts of the county of Antrim, in the north 
of Ireland, chalk with flints is traversed by basaltic dikes. The 
(Iialk is there converted into granular rnaiblc near the basalt, the 
change sometimes extending 8 or 10 feet from the wall of the dike, 
being greatest near the point of contact, and thence gradually de- 
creasing till it becomes evanescent. “ The extreme effect,” says Hr. 
Birger, “ presents a dark brown crystalline limestone, the crystals 
running in flakes as large as those of coarse primitive {metamorphic) 
limestone ; the next state is saccharine, then fine grained and arena- 
ceous; a compact variety, having a porcellanous aspect and a bluish- 
grey colour, succeeds : this, towards the outer edge, becomes yellow- 
isli-white, and insensibly graduates into the unaltered chalk. The 
Hints in the altered chalk usually assume a grey ycllowisli colour.” § 
All traces of organic remains are effaced in that part of the lime- 
stone which is most crystalline. 

The annexed drawing (fig. 684.) represents three basaltic dikes 
traversing tlio chalk, all within the distance of .90 foot. The chalk 
contiguous to the two outer dikes is converted into a finely granular 
marble, m w, as are the whole of the masses between the outer dikes 

♦ Cambridge Transactions, vol. i. t fhid. vol. ii. p. 175. 
p. 402. § Dr. Berger, Gcoi. Trans. 1st series, 

t Ibid. voL 1. p. 410. vol iii. p. 172. 
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Dike ft. Dike Dike 20 ft. 

1 loot. 

Basaltic dikes in chalk in inland of Rathlin, Antrim. 

Ground plan, us seen on the beach. (Conybvure and Buckland.*) 

and the central one. The entire contrast in the composition and 
colour of the intrusive and invaded rocks, in these cases, renders the 
phenomena peculiarly clear and interesting. 

Another of the dikes of the north-east of Ireland has converted a 
mass of red sandstone into hornstone. By another, the shale of the 
coal-measures has been indurated, assuming the character of flinty 
slate ; and in another place the slate-clay of the lias has been 
changed into flinty slate, which still retains numerous impressions of 
animoniti's.f 

It might have been anticipated that beds of coal would, from their 
combustible nature, bo affected in an extraordinary degrc'e by the 
contact of melted rock. Accordingly, one of the greenstone dikes of 
Antrim, on passing through a bed of coal, reduces it to a cinder for 
the space of 9 feet on each side. 

At Cockfiold Fc^ll, in the north of England, a similar change is 
observed. Specimens taken at the distance of about 30 yards from 
lh(' traj) are not distinguishable from ordinary pit-coal ; those nearer 
the dike are like cinders, and have all the character of coke; while 
those close to it ar(» converted into a substance resembling soot.J 

As examples might bo multiplied without end, I shall merely 
select one or two others, and then conclude. The rock of Stirling 
Castle is a calcareous sandstone, fractured and forcibly displaced by 
a mass of greenstone which has evidently invaded the strata in a 
melted state. The sandstone has been indurated, and has assumed a 
texture approaching to hornstone near the junction. In Arthur^s 
Seat and Salisbury Craig, near Edinburgh, a sandstone wliich comes 
in contact with greenstone is converted into a jaspidoQus rock. 

Tlie secondary sandstones i^ Skye are converted into solid quartz 
in several places, where they come in contact with veins or masses 
of trap ; and a bed of quartz, says Dr. MacCulloch, found near a 
mass of trap, among the coal strata of Fife, was in all probability a 
stratum of ordinary sandstone, having been subsequently indurated 
and turned into quartzite by the action of hcat.§ 

But althougli strata in the neighbourhood of dikes are thus altered 

* Gcol. Trans. 1st series, vol. iii. { Sedgwick, Camb. Trans. voL ii. 
p. 210. and plate 10. p. 37. 

t Ibid. p. 213. ; and Playfair, lUust. § Syst. of GeoL vol. i. p. 206. 
of Hutt. Theory, s. 253. 
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in a variety of cases, shale being turned into flinty slate or jasper, 
limestone into crystalline marble, sandstone into quartz, coal into 
coke, and the ibssil remains of all such strata wholly and in part 
obliterated, it is by no means uncommon to meet with the same rocks, 
even in the same districts, absolutely unchanged in the proximity of 
volcanic dikes. 

This great inequality in the effects of the igneous rocks may often 
arise from an original difference in their temperature, and in that of 
tlie entangled gases, such as is ascertained to prevail in different 
lavas, or in the same lava near its source and at a distance from it. 
The power also of the invaded rocks to conduct heat may vary, 
according to their composition, structure, and the fractures which 
they may have experienced, and perhaps, also, according to the quan- 
tity of water (so capable of being heated) which they contain. It 
must happen in some cases that the component materials are mixed 
in such proportions as.prcpare them readily to enter into chemical 
union, and form new minerals ; while in other cases the mass may 
bo more homogeneous, or the proportions less adapted for such 
union. 

We must also take into consideration, that one fissure may bo sim- 
ply filled with lava, which may begin to cool from the first ; whereas 
in other cases the fissure may give passage to a current of melted 
matter, which may ascend for days or months, feeding streams which 
are overflowing the country above, or are ejected in tho shape of 
scoriae from some crater. If the walls of a rent, moreover, are 
heated by hot vapour before the lava rises, as we know may happen 
on the flanks of a volcano, the additional caloric supplied by the dike 
and its gases will act more powerfully. 

Intrusion of trap between strata , — In proof of the mechanical 
force which tho fluid trap has sometimes exerted on the rocks into 
which it has intruded itself, I may refer to the Whin-Sill, where a 
mass of basalt, from 60 to 80 feet in height, represented by «, 
fig. 685., is in part wedged in between tho rocks of limestone, 5, and 


Fig. 685. 



Trap lnterpoi<>d between di9plac<>d or limeitone and shale, at White 
Force, High Teesdale, Durham. (Sedgwick.*) 


shale, c, which have been separated from the great mass of limestone 
and shale, with which they wore united. 

* Camb. Trans, vol. ii. p. ]A0. 
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The shale in this place is indurated; and the limestone, which at 
a distance from the trap is blue, and contains fossil corals, is hero 
converted into white granular marble without fossils# 

Masses of trap are not unfrequcntly met with intercalated between 
strata, and maintaining their parallelism to the planes of stratifica- 
tion throughout large areas. They must in some places have forced 
their way laterally between the divisions of the strata, a direction in 
which there would be the least resistance to an advancing fluid, if 
no vertical rents communicjitcd with the surface, and a powerful 
liydrostatic pressure were caused by gases propelling the lava 
upwards. 

Columnar and globular structure. — One of the characteristic 
forms of volcanic rocks, especially of basalt, is the columnar, where 
large masses are divided into regular prisms, sometimes easily sepa- 
rable, but in other cases adhering firmly together. The columns 
vary in the number of angles, from three to#twelve ; but they have 
most commonly from five to seven sides. They are often divided 
transversely, at nearly equal distances, like the joints in a vertebral 
column, as in the Giants’ Causeway, in Ireland. They vary exceed- 
ingly in respect to length and diameter. Dr. MacCulloch mentions 
some in Skye which are about 400 feet long ; others, in Morven, not 
exceeding an inch. In regard to diameter, those of Ailsa measure 9 
feet, and those of Morven an inch or less.* They are usually straight, 
but sometimes curved; and examples of both these occur in the 
island of Staifa. In a horizontal bed or sheet of trap the columns 
arc vertical ; in a vertical dike they are horizontal. Among other 
examples of the last-mentioned phenomenon is the mass of basalt, 
called the Chimney, in St. Helena (see fig. 686.), a pile of hexagonal 


Fig. G86. 



Volc.inic dike compo^eil of lion- 
zuiiial prlftiiis. Si. Helena. 


pi isms, 64 feet high, evidently the remainder of a narrow dike, the 
walls of rock which the dike originally traversed having been re- 


MacCul.,Syst. of Gcol.,vol. ii. p. 137. 
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moved down to the level of the sea. In fig. 687., a small portion of 
this dike is represented on a less reduced scale.* 

It being assumed that columnar trap has consolidated from a fluid 
state, the prisms are said to bo always at right angles to the cooling 
surfaces. K these surfaces, therefore, instead of being either per- 
pendicular or horizontal, are curved, the columns ought to be inclined 
at every angle to the horizon ; and there is a beautiful exemplifica- 
tion of this phenomenon in one of the valleys of the Vivarais, a 
mountainous district in the South of France, where, in the midst of 
a region of gneiss, a geologist encounters unexpectedly several 
volcanic cones of loose sand and scoriae. From tlie crater of one of 
tliese cones, called La Coupe d’Ayzac, a stream of lava descends and 
occupies the bottom of a narrow valley, except at those points where 
the river Volant, or the torrents which join it, have cut away portions 
of the solid lava. The accompanying sketch (fig. 688.) represents the 



Lava of La Coupo d'Ayiac.ncar Antnlgue, in the Department of Arddchc. 

remnant of the lava at one of the points where a lateral torrent joins 
the main valley of the Volant. It is clear that the lava once filled 
the whole valley up to the dotted line da\ but the river has gra- 
dually swept away all below that line, while the tributary torrent has 
laid open a transverse section ; by which wo perceive, in the first 
])lac(?, that the lava is composed, as usual in this country, of three 
]>arts : the uppermost, at a, being scoriaceous ; the second, A, pre- 
senting irregular prisms; and the third, c, with regular columns, 
wliich are vertical on the banks of the Volant, where they rest on a 
horizontal base of gneiss, but which arc inclined at an angle of 45^^ at 
<7, and are horizon t.al at f their position having been every where 
determined, according to the law before mentioned, by the concave 
form of the original valley. 

In the annexed figure (689.) a view is given of some of the in- 
clined and curved columns which present themselves on the sides 
of the valleys in the hilly region north of Vicenza, in Italy, and 
at the foot of the higher Alps.! Unlike those of the Vivarais, last 
mentioned, the basalt of this country was evidently submarine, and 
the pi-esent valleys have since been hollowed out by denudation. 

* S(‘ale’s Geognosy of St. Helena, t Fortis. Mom. siir I'Hist. Nat. do 
plute 9. ITtalic, tom. i. p. 233. plate 7. 
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Fig. 6S9. 


The columnar structure is by no means 
peculiar to the trap rocks in which 
augite abounds; it is also observed in 
clinkstone, trachyte, and other felspathic 
rocks of the igneous class, although in 
these it is rarely exhibited in such re- 
gular polygonal forms. 

It has been already stated that basaltic 
columns arc often divided by cross joints. 
Sometimes each segment, instead of an 
angular, assumes a spheroidal form, so 
that a pillar is made up of a pile of 
balls, usually flattened, as in the Cheese- 
grotto at Bertrich-Baden, in the Eifel, 
near the Moselle (fig. 690.). The basalt there is part of a small 
stream of lava, from 30 to 40 feet thick, which has proceeded from 



Columnar basalt in the Vicentin. 
(Fortis.) 



Basaltic pillars of the Kaiegrntte, Bertrich-Baden, half way between Treres and Coblentx. 
Height of grotto, from 7 to 8 feet. 


one of several volcanic craters, still extant, on the neighbouring 
heights. The position of the lava bordering the river in this valley 
miglit be represented by a section like that already given at fig. 635. 
if wc merely supposed inclined strata of slate and the argillaceous 
sandstone called greywackc to be substituted for gneiss. 

In some masses of decomposing greenstone, basalt, and other trap 
rocks, the globular structure is so conspicuous that the rock has the 
appearance of a heap of large cannon balls. According to the theory 
of M. Delessc, the centre of each spheroid has been a centre of crys- 
tallization, around which the different minerals of the rock arranged 
themselves symmetrically during the process of cooling. But it was 
also, he says, a centre of contraction, produced by the same cooling. 
The globular form, therefore, of such spheroids is the combined 
result of crystallization and contraction,* 

* Delcsse, sur les Roches Globiilenses, Mem. de la Soc. Geol. de France, 2 sdr. 
tom. iv. 
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A striking example of this structure occurs in a resinous trachyte 
or pitchstone-porphyry in one of the Ponza islands, which rise from 
the Mediterranean, off the coast of Terracina and Gacta. The 



globes vary from a few inches to three 
feet in diameter, and are of an ellipsoidal 
form (see fig. 691.). The whole rock is 
in a state of decomposition, ‘*and when 
the balls,” says Mr. Scrope, “ have been 
exposed a short time to the weather, they 
scale off at a touch into numerous con- 
centric coats, like those of a bulbous root, 
inclosing a compact nucleus. The laminae 
of this nucleus have not been so much 
loosened by decomposition ; but the appli- 
cation of a ruder blow will produce a still 
further exfoliation.”* 

A fissile texture is occasionally assumed 
by clinkstone and other trap rocks, so lliat 
they have been used for roofing houses. 
Sometimes the prismatic and slaty struc- 
ture is found in the same mass. The 


(sJISil) causes which give rise to such arrange- 
ments are very obscure, but are supposed 
to be connected with changes of temperature during the cooling of 
the mass, as will be pointed out in thG*sequcl. (See Chaps. XXXY. 
and XXXVI.) 


Relation of Trappean Rocks to the products of active Volcanos. 

When we refiect on the changes above described in the strata near 
their contact with trap dikes, and consider how complete is the 
analogy or often identity in composition and structure of the rocks 
called trappean and the lavas of active volcanos, it seems difficult at 
first to understand how so much doubt could have prevailed for half 
a century as to whether trap was of igneous or aqueous origin. To 
a c(»rtain extent, however, there was a real distinction between the 
trappean formations and those to which the term volcanic was silmost 
exclusively confined. A large portion of the trappean rocks first 
studi(*d in the north of Germany, and in Norway, France, Scotland, 
and other countries, were such as had been formed entirely under 
water, or had been injected into fissures and intruded between strata, 
and which had never flowed out in the air, or over the bottom of a 
shallow sea. When these products, therefore, of submarine or sub- 
terranean igneous action were contrasted with loose cones of scoriae, 
tuff, and lava, or with narrow streams of lava in great part scoria- 
ceous and porous, such as were observed to have proceeded from 
Vesuvius and Etna, the resemblance seemed remote and equivocal. 

• Scrope, GeoL Trans. 2d scries, voL ii. p. 205. 
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It was, in truth, like comparing the roots of a tree with its leaves 
and branches, which, although they belong to the same plant, differ 
in form, texture, colour, mode of growth, and position. The external 
cone, with its loose ashes and porous lava, may be likened to the 
light foliage and branches, and the rocks concealed far below, to the 
roots. But it is not enough to say of the volcano, 

** quantum vertice in auras 
JEthcrias, tantuiu radicc in Tartara tendit,'* 

for its roots do literally reach downwards to Tartarus, or to the 
regions of subterranean fire; and what is concealed far below is 
probably always more important in volume and extent than what is 
visible above ground. 

We have already stated how frequently dense masses of strata 
have been removed by denudation from wide areas (see Chap. VI.) ; 

and this fact prepares us to expect a 
similar destruction of whatever may 
once have formed the uppermost part 
of ancient submarine or subaerial vol- 
canos, more especially as those super- 
ficial parts are always of the lightest 
and most perishable materials. The 
abrupt manner in which dikes of trap 
usually terminate at the surface (see 
fig. 692.), and the water-worn pebbles 
of trap in the alluvium which covers 
the dike, prove incontestably that whatever was uppermost in these 
formations has been swept away. It is easy, therefore, to conceive 
that Avliat is gone in regions of trap may have corresponded to what 
is now visible in active volcanos. 

It will be seen in the following clnipters, that in the earth’s crust 
there are volcanic tuffs of all ages, containing marine shells, which 
bc^ar witness to eruptions at many successive geological periods. 
'I'lieso tuffs, and the associated trappean rocks, must not be compared 
to lava and scoriae which had cooled in the open air. Their counter- 
parts must be sought in the products of modern submarine volcanic 
eruptions. If it be objected that we have no opportunity of studying 
these last, k may be answered, that subterranean movements have 
caused, almost everywhere in . ?gions of active volcanos, great 
changes in the relative level of land and sea, in times comparatively 
modern, so as to expose to view the effects of volcanic operations at 
the bottom of the sea. 

Thus, for example, the examination of the igneous rocks of Sicily, 
especially, those of the Val di Noto, has proved that all the more 
ordinary varieties of European trap have been there produced under 
the waters of the sea, at a modern period ; that is to say, since the 
Mediterranean has been inhabited by a great proportion of the 
existing species of testacea. 


Fig. 692. 
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These igneous rocks of the Yal di Note, and the more ancient 
trappean rocks of Scotland and other countries, differ from sub- 
aerial volcanic formations in being more compact and heavy, and 
in forming sometimes extensive sheets of matter intercalated be- 
tween marine strata, and sometimes stratified conglomerates, of 
which the rounded pebbles are all trap. They differ also in the 
absence of regular cones and craters, and in the want of conformity 
of the lava to the lowest levels of existing valleys. 

It is highly probable, however, that insular cones did exist in 
some parts of the Val di Noto: and that they were removed by the 
waves, in the same manner as the cone of Graham Island, in the 
Mediterranean, was swept away in 1831, and that of Nyue, off 
Iceland, in 1783.* All that would remain in such cases, after the 
bed of the sea has been upheaved and laid dry, would be dikes and 
shapeless masses of igneous rock, cutting through sheets of lava 
which may have spread over the level bottom of the sea, and strata 
of tuff, formed of materials first scattered far and wide by the winds 
and waves, and then deposited. Conglomerates also, with pebbles 
of trap, to which the action of the waves must give rise during the 
denudation of such volcanic islands, will emerge from the deep 
whenever the bottom of the sea becomes land. The proportion of 
volcanic matter which is originally submarine must always bo very 
great, as those volcanic vents which are not entirely beneath the 
sea are almost all of them in islands, or, if on continents, near the 
shore. 

As to the absence of porosity in the trappean formations, the 
appearances are in a great degree deceptive, for all amygdaloid s are, 
as already explained, porous rocks, into the cells of which mineral 
matter such as silex, carbonate of lime, and other ingredients, have 
been subsequently introduced (scop. 596.); sometimes, perhaps, by 
secretion during the cooling and consolidation of lavas. 

In the Little Cumbray, one of the Western Islands, near Arran, 
the amygdaloid som(*times contains elongated cavities filled with 
brown spar; and when the nodules have been washed out, the 
interior of the cavities is glazed with the vitreous varnish so cha- 
racteristic of the pores of slaggy lavjis. Even in some parts of this 
rock which are excluded from air and water, the cells are empty, 
and seem to have alwjiys remained in this state, and are therefore 
undistinguishable from some modern lavas.f 

Dr. MacCulloch, after examining with great attention these and 
the other igneous rocks of Scotland, observes, “that it is a mere 
dispute about terms, to refuse to the ancient eruptions of trap the 
name of submarine volcanoes ; for they are such in every essential 
point, although they no longer eject fire and smoke.” J The same 
author also considers it not improbable that some of the volcanic 

* Sec Princ. of Geol., Index^ “Gra- t MacCulloch, West. Islands, vol. ii. 
ham Island,” “Nyde,” “ Conglomerates, p. 487. 
volcanic,” &c. t Syst. of Geol. vol. ii. p. 114. 
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rocks of tho same country may have been poured out in the open 
air.* 

Although tho principal component minerals of subaerial lavas are 
tho same as those of intrusive trap, and both the columnar and 
globular structure are common to both, there are, nevertheless, some 
volcanic rocks which never occ\ir in currents of lava, such as 
greenstone, tho more crystalline porphyries, and those traps in 
which quartz and mica appear as constituent parts. In short, tho 
intrusive trap rocks, forming the intermediate step between lava 
and the plutonic rocks, depart in their characters from lava in 
proportion as they approximate to granite. 

These views respecting the relations of tho volcanic and trap 
rooks will be better understood when tho reader has studied, in the 
33rd chapter, what is said of tho plutonic formations 

EXTERNAL FORM, STRUCTURE, AND ORIGIN OF VOLCANIC MOUNTAINS. 

The origin of volcanic cones with crater-shaped summits has been 
alluded to in the last chapter (p. 589.), and more fully explained in 
the “ Principles of Geology ” (chaps, xxiv. to xxvii.), where Ve- 
suvius, Etna, Santorin, and Barren Island are described. Tho more 
anciemt portions of those mountains or islands, formed long before 
the times of history, exhibit the same external features and internal 
structure which belong to most of the extinct volcanos of still 
higher antiquity ; and these last have evidently been duo to a 
complicated series of operations, varied in kind according to cir- 
cumstances ; as, for example, whether the accumulation took place 
above or below the level of the sea, whether tho lava issued from 
one or several contiguous vents, and, lastly, whether the rocks re- 
duced to fusion in tho subterranean regions happen to have contained 
more or loss silica, potash, soda, lime, iron, and other ingredients. 

We arc best acquainted with the effects of eruptions above water, 
or those called subaorial or supramarine ; yet the products even of 
those are arranged in so many ways that their interpretation has 
given rise to a varit^ty of contradictoi’y opinions, some of which will 
liave to be considered in this cliaphir. 

Craters and Calderas, Sandwich Islands. — We learn from 
Mr. Dana’s valuable work on the geology of the United States’ 
Exploring Expedition, published in 1849, that two of tho principal 
volcanos of tho Sandwich Islands, Mounts Loa and Kea in Owyhee, 
are huge flattened volcanic cones, about 14,000 feet high (see fig. 
693.), each equalling two and a half Etnas in their dimensions. 

From the summits of these lofty though featureless hills, and from 
vents not far below their summits, successive streams of lava, often 
2 .miles or more in width, and sometimes 26 miles long, have flowed. 
They have been poured out one after the other, some of them in 
recent times, in every direction from tho apex of the cone, down 

♦ 8yst. of Geol., vol. ii. p. 114- 
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Mount Lott, In tho Sandwich Islands. (Dana.) 
a. Crater at the summit. h. The lateral crater of Kilauea. 

The dotted lines indicate a supposed column of solid ruck caused by the lava cousolidatlng 

after eruptions. 

slopes varying on an average from 4 degrees to 8 degrees ; but in 
some places considerably steeper. Sometimes deep rents are formed 
on the sides of these conical mountains, which are afterwards filled 
from above by streams of lava passing over them, the liquid matter 
ill such cases consolidating in the fissures and forming d^es, 

Tho lateral crater of Kilauea, 6, fig. 693., is between 3000 and 4000 
feet above the sea-level, or about the height of Vesuvius. It is an 
immense chasm, 1000 feet deep, and its outer circuit no less than 
from two to three miles in diameter. Lava is usually seen to boil 
up at the bottom in a lake, tho level of which varies continually, for 
the liquid rises and falls several.* hundred feet according to tho 
active or quiescent state of the volcano. But instead of overflowing 
tho rim of tho crater, as commonly happens in other vents, tho 
column of melted rock, when its pressure becomes excessive, forces 
a passage through some subterranean galleries or rents leading 
towards tho sea. Mr. Coan, an American missionary, has described 
an eruption which took place in June 1840, when tho lava which 
had risen high in the great chasm began to escape from it. Its 
direction was first recognised by the emission of a vivid light from 
the bottom of an ancient wooded crater, called Arare, 400 feet deep 
and 6 miles to tho eastward of Kilauea. Tho connection of this 
light Avith the discharge or tapping of tho great reservoir was 
proved by a change in tho level of the lava in Kilauea, Avhich sank 
gradually for three weeks, or until tho eruption ceased, Avhen the 
lake stood 400 feet lower than at the commencement of the outbreak. 
The passage, therefore, of tho fluid matter from Kilauea to Arare 
was underground, and it is supposed by Mr. Coan to have been at 
its first outflow 1000 feet deep below the surface. The next 
indication of tho subterranean progress of the same lava was 
observed a mile or two from Arare, Avhex*e tho fiery flood broke out 
and spread itself superficially over 50 acres of land, and then again 
found its way underground for several miles farther towards the 
sea, to reappear at the bottom of a second ancient and Avooded 
crater, Avhich it partly filled up. The course of the fluid then 
became again invisible for several miles, until it broke out for tho 
last time at a point ascertained by Captain Wilkes to be 1244 feet 
above the sea, and 27 miles distant from Kilauea. From thence it 
poured along for 12 miles in the open air, and then leapt over 
a cliff 50 feet high, and ran for three weeks into tho sea. Its 
termination was at a place about 40 miles distant from Kilauea. 
The crust of the earth overlying the subterranean course of tho lava 
was often traversed by innumerable fissures, which emitted steam, 
and in some places the incumbent rocks were uplifted 20 or 30 feet. 
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Thus in the same volcano examples are afforded of the overflowing 
of lava from tlio summit of a cone 2^ miles high, and of the under- 
flowing of melted matter. Whether this last has formed sheets 
intercalated between the stratified products of previous eruptions, 
or whether it has penetrated through oblique or vertical fissures, 
cannot be determined. In one instance, however, for a certain 
space, it is said to have spread laterally, uplifting the incumbent 
soil. 

The ann(»xed section of the crater of Kilauea, as given by 
Mr. Dana, follows the line of its shorter diameter, a, It, which is 

Fig. 694. 
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Section of the crater of Kilauea in the Sandwich Islaiidd (Dana.) 

a, b. External hoiindarica of the chaam in the line of Its shortest diameter. 
<•'1 r, d. lllack ledge. g, A. Lake of lava. 


about 7500 feet long. The boundary cliffs, a, e and h, d, arc for the 
most part quite vertical and 650 feet high. They are composed of 
compact rock in layers, not divided by scoricc, some a few inches, 
others 30 feet in thickness, and nearly horizontal. Below this, we 
come to what is called the “ black ledge,” c, e and f, d, composed of 
similar stratified materials. This ledge is 342 feet in height above 
the lake of lava, g, h, which it encircles. The chasm, a, b, and its 
walls have probably been due to a former sinking down of the 
incumbent rocks, undermined for a space by the fusion of their 
foundations. The lower ledge, c, e and f, d, may consist in part of 
the mass which sank vertically, but part of it at least must be made 
up of layers of lava, which have been scon to pour one after the 
other over the “black ledge.” If at any future period the heated 
fluid, ascending from the volcanic focus to the bottom of the great 
chasm, should augment in volume, and, before it can obtain relief, 
should spread itself subtcrrancously, it may melt still farther the 
subj accent masses, and, causing a failure of support, may enlarge still 
more tin* limits of the amphitheatre of Kilauea. There arc distinct 
signs of subsidences, from 100 to 200 feet perpendicular, which 
have occurred in the neighbourhood of Kilauea at various points, 
and they are each bounded by vertical walls. If all of them were 
united, they would constitute a sunken area equal to eight square 
miles, or twice the extent of Kilauea itself. Similai* accidents are 
also likely to occur near the summit of a dome like Mount Loa, for 
the hydrostatic pressure of the lava, after it has risen to the edge or 
lip of the highest crater, a, fig. 693., must be great and must create 
a tendency to lateral Assuring, in which case lava will bo injected 
into every opening, and may begin to undermine. If, then, some of 
the m(dted matter be drawn off by escaping at a lower level, where 
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the pressure would be still greater, the whole top of the mountain, 
or a large part of it, might fall in. 

Instances of such truncations, however caused, have occurred in 
Java and in the Andes within the times of history, and to such events 
we may perhaps refer a very common feature in the configuration of 
volcanic mountains, — namely, that the present active cone of erup- 
tion is surrounded by the ruins of a larger and older cone, usually 
presenting a crescent-shaped precipice towards the newer cone. In 
volcanos long since extinct, the erosive power of running water, or, 
in certain cases, of the sea, may have greatly modified the shape of 
the “ atrium,” or space between the older and newer cone, and the 
cavity may thereby be prolonged downwards, and end in a ravine. 
In such cases it may be impossible to determine liow much of the 
missing rocks has been removed by explosion at the time when 
the original crater was active, or how much by subsequent eiigulph- 
ment and denudation. 

Java, — One of the latest contributions to our knowledge of vol- 
canos will be found in Dr. Junghuhn’s work on Java, where forty- 
six conical eminences of volcanic origin, varying in elevation fi*om 
4000 to nearly 12,000 feet above the sea, constitute the highest 
peaks of a mountain range, running through the island from east to 
west. All of them, with one exception, did this indefatigable traveller 
survey and map. In none of them could he discover any marine 
remains, whether adhering to their fianks or entering into their in- 
ternal structure, although strata of marine origin are met with 
nearer the sea at lower levels. Dr. Junghuhn ascribes the origin of 
each volcano to a succession of subacrial eruptions from one or more 
central vents, whence scorias, pumice, and fragments of roek were 
thrown out, and whence have flowed stniams of tracliytic or basaltic 
lava. Such overflowings Inave been witnessed in modern times from 
the highest summits of several of the }»eaks. The external slope of 
each cone is generally greatest near its apex, where the volcanic 
strata have also the steep(‘st dip, sometimes attaining angles of 20, 
ilO, and 35 degrees, but becoming less and less inclined as they recede 
from the summit, until, near their base, the dip is reduced to 10 and 
often 4 or 5 degrees.* The interference of the lavas ol* adjoining 
volcanos sometimes produces elevated platforms, or “saddles,” in 
which the layers of rock may be very slightly inclined. At the top 
of many of the lofti(!st mountains the active c(mo and crater are 
of small size, Jind surrounded by a plain of ashes and sand, this 
plain being encircled in its turn by what Dr. Junghulin calls “the 
old crater-wall,” which is often 1000 feet and more in vertical height. 
There is sometimes a terrace of intermedisite height (as in the moun- 
tain called Tengger), comparable to the “black lodge” of Kilauea 
(fig. 694.). Most of tlie spaces thus bounded by semicircular or more 
than semicircular ranges of cliffs are vastly superior in dimensions to 

* Java, dcszclfs godannto, heklecdinp: hnhn. (Gorman tmiislntion of 2d edit, 
cn iiivendige struetuur, door F. Jung- by llasskarl, Leipzig, 1852.) ^ 
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tho area of any known crater or hollow which has been observed in 
any part of tlio world to be occupied by a lake of liquid lava. As 
tho Spaniards have given to such large cavities the name of Caldera 
(or cauldron), it may bo useful to use this term in a technical sense, 
whatever views we may entertain as to their origin. Many of them 
in Java are no less than four geographical miles in diameter, and they 
are attributed by Junghuhn to the truncation by explosion and sub- 
sidence of ancient cones of eruption. Unfortunately, although several 
lofty cones have lost a portion of their height within the memory of 
man, neither the inhabitants of Java nor their Dutch rulers have 
transmitted to us any reliable accounts of the order of events which 
occurred.* 

Dr. Junghuhn believes that Papandayang lost some portion of its 
summit, in 1772 ; but affirms that most of the towns on its sides said 
to have been cngulphcd were in reality overflowed by lava. 

From the highest parts of many Javanese calderas rivers flow, 
which in the course of ages have 6ut out deep valleys in the moun- 
tain’s side. As a general rule, the outer slopes of each cone are 
furrowed by straight and narrow ravines from 200 to 600 feet deep, 
radiating in all directions from the top, and increasing in number as 
wo descend to lower zones. Tho ridges or “ ribs,” intervening be- 
twecfn these furrows, are very conspicuous, and compared to the 
spokes of an umbrella. In a mountain above 10,000 feet high, no 
furrows or intervening ribs are met with in the upper 300 or 400 
feet. At the height of 10,000 feet there may bo no more than 10 in 
number, whereas 500 feet lower 32 of them may be counted. They 
arc all ascribed to tho action of running water ; and if they ever cut 
through the rim of a caldera, it is only because the cone has been 
truncated so low down as to cause the summit to intersect a middle 
region, where the torrents once exerted sufficient power to cause a 
scries of such indentations. It appears from such facts, that, if a cone 
escapes destruction by explosion or engulphment, it may remain un- 
injured in its upper portion, while there is time for the excavation 
of deep ravines by lateral torrents. 

It is remarked by Dr. Junghuhn, as also by Mr. Dana in regard to 
the Pacific Islands, that volcanic mountains, however largo and 
however much exposed to heavy falls of rain, support no rivers so 
long as th(iy are in tho process of growth, or while the highest 
crater emits from time to time showers, of scoriae and floods of lava. 
Such ejectamenta and such currents of melted rock fill up each 
superficial inequality or depression where water might otherwise 
collect, and are moreover so porous that no rill of water, however 
small, can be generated. But where the subterranean fires have been 
long since spent, or are ncr’dy exhausted, and where tho superficial 
scoriae and lavas decompose and become covered with clayey soils, 
the erosive action of water begins to operate with a prodigious 
force, proportionate to the steepness of the declivities and the in- 


Sce Fi’inciplcs of Gcol., 9th uilit. p. 493. 
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coherent nature of the sand and ashes. Even the more solid lavas 
are occasionally cavernous, and almost always alternate with scoriae 
and perishable tuffs, so as to be readily undermined, and most of 
them are speedily reduced to fragments of a transportable size be- 
cause they are divided by vertical joints or split into columns. 

Canary Islands — Palma, — I have enlarged so fully in the “ Prin- 
ciples of Geology” on the different views entertained by eminent 
authorities respecting the origin of volcanic cones, and the laws 
governing the flow of lava, and its consolidation, that, in order not 
to repeat here what I have elsewhere published, I shall confine 
myself in the remainder of this chapter to the description of facts 
observed by me during an exploration of Madeira and some of the 
Canary Islands in 1863-4. In these excursions, made in the winter 
of 1853-4, I was accompanied by an active fellow-labourer, M. 
Hartung, of Konigsberg.* Wo visited, among other places, the 
beautiful island of Palma, a spot rendered classical by the descrip- 
tion given of it in 1825 by the late Leopold Von Buch, who regarded 
it as a type of what he called a crater of elevation.” 

Palma is 46 geographical miles west of Teneriffc. Seen from the 

channel which divides the two 
islands, Palma appears to consist 
of two principal mountain masses, 
the depression between them 
being at the pass of Tacanda, 
or at a (map, fig. 695.), which 
is about 4600 feet above the 
sea-level. The most northern of 
these masses makes, notwith- 
standing certain irregularities 
hereafter to be mentioned, a con- 
siderable approach in general 
form to a great truncated cone, 
having in the centre a huge and 
deep cavity called by the inha- 
bitants ‘‘La Caldera.” This ca- 
vity (5, c, dy e, fig. 695.) is from 
3 to 4 geographical miles in dia- 

MapofPalma.iyomSurTeyof C«pt.VIdal.R.N. 

pices surrounding it vary from about 1500 to 2500 feet in vertical 
height. From their base a steep slope, clothed by a splendid forest 
of pines, descends for a thousand and sometimes two thousand feet 
lower, the centre of the Caldera being about 2000 feet above the sea. 
The northern half of the encircling ridge is more than 7000 English 
feet above the sea in its highest peaks, and is annually white with 
snow during the winter months. 

Externally the flanks of this truncated cone incline outwards in 
every direction, the slopes being steepest near the crest, and lessening 
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* See Ilartang, Geology of Madeira and Porto Santo. Lcipsig, 1S64. 
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as they approach the lower country. A great number of ravines 
commence on the Hanks of the mountain, a short distance below the 
summit, shallow at first, but getting deeper as they descend, and 
becoming at the same time more numerous, as in the cones of Java 
before mentioned. 

So unbroken is the precipitous boundary-wall of the Caldera, 
except pt its south-western end, where the torrent which drains it 
through a deep gorge (6, h\ fig. 696.) issues, that there is not even a 
footpath by which one can descend into it save at one place called 
the Cumbrccito (e, map, fig. 695. p. 621.). This Cumbrecito is a 
narrow col or watershed at the height of about 2000 feet -above the 
bottom of the Caldera, and 4000 above the sea, and situated at the 
precise limit of two geological formations presently to be mentioned. 
Tiiis col also occurs at the level where, in other parts of the Caldera, 
the vertical precipices join the talus-like, rocky slope, covered with 
pines. The other or principal entrance by which the Caldera is 


Fig. 606. 



Map of tin* Calilora f>f Valina and the pri'af ravine, called " llarranrn dc las Angiistias.*’ From 
ttin Survey of Capt. Vidtil, U. N., 1837. Scale, two geograpliieal miles to un iucli. 
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drained is the great ravine or barrancOy as it is called (see ft, ft', fig. 
696.), which extends from the south-western extremity of the Cal- 
dera to the sea, a distance of 4^ geographical miles, in which space 
the water of the torrent falls about 1600 feet. 


Fig. 697. 



View of the lile of Palma, and of the entrance into the central cavity or Caldera. From 
Von Buch'a ** Canarjr liiandi." 


This sketch was taken by Von Buch from a point at sea not 
visited by us, but we saw enough to convince us that several lateral 
cones ought to have been introduced on the groat slope to the left, 
besides numerous deep furrows radiating from near tlie summit to the 
sea (see the map, fig. 696.). The sea does not enter the great 
Barranco, as might be inferred from this sketch. 

The annexed section (fig. 698.) passes throligh the island from 
Santa Cruz de Palma to Briera Point, or from south-east to north- 
west (see map, p. 62L). It has been drawn up on a true scale 
of heights and horizontal distances from the observations of 
Mr. Ilartung and my own. 


Fig. m. 





Section of the Island of Palma, from Point Briera, on the north-west, to Siinta Cruz de Palma, on 
tho south-east. See map, flg. 695., p. t/Jl. 

ff, b. The Caldera (height of o, 6000 feet). c- Corainencemeut of steeper dip. 

rf. Stinta Cruz de Palma or Tedoto. 

e. L.iteial cone, 3940 feet above tho sea (Vidal’s Map). 

/. Briera Point. 

g One of several outliers of the upper formation in centre of Caldera. 

S. P. Hiilf-liuried cone and crater of San Pedro. 


Tho lavas are seen to be slightly inclined near the sea at Santa 
Cruz, where we observed them flowing round the cone of San Pedro, 
which tliey have more tlian half buried without entering the crater. 
On starting from the same part of the sea-coast, and ascending the 
deep Barranco do la Madera, we saw just below c tho basaltic lavas 
dipping at an angle of 5 degrees, there being no dikes in that region. 
Farther up, where the dikes were still scarce, the dip of the beds 
increases to 10 and 15 degrees, and they become still steeper as they 
approach the Caldera at ft, where dikes abound. 
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The section (fig. 699.) if at right angles to the preceding, and cuts 
through the cone in the direction of the great Barra^nco, or from 
north-east to south-west, r 

The lowest of the two slanting lines, ^ descending from the 
Caldera to the sea along the bottom of the Barranoo, represents the 
present bed of the torrents the upper line, A, ly the height at which 
beds of gravel, elevated high above .the present river-cha,pnel, are 
visible in detached patches, shown by dotted spaces at A, and to the 
south-west of it, on the same slope. These, and the continuous 
stratified gravel and conglomerate lower down at I and t, are newer 
than all the volcanic rocks seen in this section. 

The upper volcanic formation, to be described in the sequel, is 
traversed by numerous dikes, which could not be expressed on this 
small scale. The vertical lines in the lower formation represent a 
f(;w of the perpendicular dikes which abound there. Countless 
others, inclined and tortuous, are found penetrating the same rocks. 
The five outliers of somewhat pyramidal shape, at the bottom of the 
Caldera (on each side of m), agree in structure and composition with 
tlie upper formation, and may have subsided into their present 
position, if the Caldera was caused by engulphment, or may have slid 
down in the form of land-slips, if the cavity be attributed chiefly to 
aqueous erosion. 

In the description above given of the section (fig. 699.), the cliffs 
which wall in the Caldera are spoken of as consisting of two forma- 
tions. Of these the uppermost alone gives rise to vortical precipices, 
iVom the base of which the lower*descends in steep slopes, which, 
although they have the external aspe(it of taluses, are not in fact 
made up of broken materials, or of ruins detached from the higher 
rocks, but consist of rocks in place. Both formations are of volcanic 
origin, but they difier in composition and structure. In the upper, 
the beds consist of agglomerate, scoriae, lapilli, and lava, chiofly 
basaltic, the whole dipping outwards, as if from the axis of the 
original cone, at angles varying from 10 to 28 degrees. The solid 
lavas do not constitute more than a fourth of the entire mass, 
and arc divided into beds of very variable thickness, some scoriaceous 
and vesicular, others more compact, and even in some cases rudely 
columnar. All these more stony masses are seen to thin out and 
come to an end wherever they can be traced horizontally for a 
distance of half or a quarter of a mile, and usually sooner. Coarse 
breccias or agglomerates predominate in the lower part, as if the 
commencement of the second series of rocks marked .an era of vio- 
lent gaseous explosions. Single beds of this aggregate of angular 
stones and scorise attain a thickness of from 200 to 300 feet. They 
are united together by a paste of volcanic dust or spongiform scorise. 

At one point on the right side of the great Barranco, near its 
(^xit from the Caldera, we observed in the boundary precipice a lofty 
column of amorphous and scoriaceous rock in which the red or rust- 
coloured scorim are as twisted and ropy as any to be seen on the 
elopes of Vesuvius ; seeming to i!nply that there was here an ancient 
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vent or channel of discharge subsequently buried under the products 
of newer eruptions. Countless dikes, more or less vertical, consisting 
chiefly of basaltic lava, traverse the walls of the Caldera, some of 
them terminating upwards, but a great number reaching the very 
crest of the ridge, and therefore having been posterior in origin to 
the whole precipice. 

We could not discover in any one of the fallen masses of agglo- 
merate which strewed the base of the clifls a single pebble or 
waterworn fragment. Each imbedded stone is cither angular or, 
if globular, consists of scoriae more or less spongy, and evidently n<^t 
owing its shape to attrition. It would bo impossible to account for 
the absence of waterworn pebbles if the coarse breccia in question 
had been spread by aqueous agency over a horizontal area co- 
extensive with the Caldera and the volcanic rocks which surround 
it. The only cause known to us capable of dispersing such heavy 
fragments, some of them 3, 4, or 6 feet in diameter, without blunting 
their edges, is the powcjr of steam, unless indeed we could suppose 
that ice had co-operated with water in motion ; and the interference 
of ice cannot be suspected in this latitude (28° 40'), especially as I 
looked in vain for signs of glacial action here and in the other 
mountainous regions of the Canary Islands. 

The lower formation of the Caldera is, as before stated, equally of 
igneous origin. It differs in its prevailing colour from the upper, 
exhibiting a tea-green and in parts a light yellow tint, instead of 
the usual brown, lead-coloured, or reddish hues of basalt and its 
associated scoriae. Beds of a light greenish tuff are common, 
together with trachytic and greenstone rocks, the whole so reti- 
culated by dikes, some vertical, others oblique, others tortuous, that 
we found it impossible to determine the general dip of the b(.*ds, 
although at the head of the great gorge or Barranco they certainly 
dip outwards, or to tho south, as stated by Von Buch. But in 
following the section down the same ravine, where the mountain 
called Alejanado {d, figs. pp. 621. and 624.) is cut through, and where 
the rocks of the lower formation are very crystalline, we found what 
is not alluded to by the Prussian geologist, that the beds exposed 
to view in cliffs 1500 feet high have an anticlinal arrangement, 
exhibiting first a southerly and then a northerly dip at angles 
varying from 20 to 40 degrees (see section, fig. 699. at k,). Hence we 
may presume that the older strata must have undergone great 
movements before tho upper .jrmation was superimposed. No 
organic remains having been discovered in the older series, we 
cannot positively decide whether it was of subacrial or submarine 
origin. We can only affirm that it has been produced by successive 
eruptions, chiefly of felspathic lavas and tuffs. Many beds which 
probably consisted at first of soft tuffs have boon much hardened by 
the contact of dikes and apparently much altered by other plutonic 
influences, so that they have acquired a semicrystalline and almost 
metamorphic character. 

The existence of so great a mass of volcanic rocks of ancient date 
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on the exact site of an equally vast accumulation of comparatively 
modern lavas and scorise is peculiarly worthy of notice as a gener^ 
phenomenon observed in very diiferent parts of the globe. It proves 
that, notwithstanding the fact in the past history of volcanos that 
one region after another has been for ages and has then ceased to be 
the chief theatre of igneous action, still the activity of subterranean 
heat may often be persistent for more than one geological period in 
the same place, relaxing perhaps its energies for a while, but then 
breaking out afresh with an intensity as great as ever. 

We have still to consider the mode of origin of the higher volcanic 
mass, or the upper series of rocks with which the peculiar form of 
the Caldera is more intimately connected. The principal question 
liere arising is this, whether the mass was dome-shaped from the be- 
ginning, having grown by the superposition of one conical envelope 
of lava and ashes formed over another, or whether, as Von Buch 
and his followers imagine, its component materials were first spread 
out in horizontal or nearly horizontal deposits and then upheaved at 
once into a dome-shaped mountain with a caldera in its centre. 
According to the first hypothesis the cone was built up gradually, 
and completed with all its beds dipping as now, and traversed by all 
its dikes, before the Caldera onginated. According to the other, 
the Caldera was the result of the same movements which gave a 
dome-siiaped structure to the mass, and which caused the beds to be 
highly inclined ; in other words, the cone and the Caldera wore 
produced simultaneously. So singularly opposite are these views 
that the principal agency introduced by the one theory is upheaval, 
by the other the fall of matter from the air. The very name of 
“Elevation Craters” points to the kind of movement to whieh one 
scliool attributes the origin of a cone and caldera ; whereas the chief 
agencies appealed to by the other are gaseous explosions, engulph- 
ment, and aqueous denudation. 

The favourable reception of the doctrine of upheaval has arisen 
from the following circumstances. Streams of lava, it is said, 
which run down a declivity of more than three degrees are never 
stony ; and, if the slope exceed five or six degrees, they arc mere 
shallow and narrow strings of vesicular or fragmentary slag. 
AVheiiever, therefore, we find parallel layers of stony lava, especially 
if they be of some thickness, high up in the walls of a caldera, we 
may be sure that they were solidified originally on a very gentle 
slope ; and if they are now inclined at angles of 10°, 20°, or 30°, 
not only they, but all the interstratified beds of lapilli, scoriae, tufi^ 
and agglomerate, must have been at first nearly fiat and must have 
hecjn afterwards lifted up with the solid beds into their present 
position. It is supposed that ^uch a derangement of the strata could 
scarcely fail to give rise to a wide opening near the centre of 
upheaval, and in the case of Palma, the Caldera (which Von Buch 
culled “ the hollow axis of the cone ”) may represent this breach 
of continuity. 

Among other objections to the elevation-crater theory often 

s s 2 
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advanced and never yet answered are the following; — First, in 
most calderas, as in Palma, the rim of the great cavity and the 
circular range of precipices surrounding it remain entire and 
unbroken on three sides, whereas it is difficult to conceive that a 
series of volcanic strata 2000 or 3000 feet thick could have once 
extended over an area six or seven miles in its shortest diameter 
and then have been upraised bodily, so that the beds should dip at 
steep angles towards all points of the compass from a centre, and 
yet that no great fractures should have been produced. We should 
expect to see some open fissures on every side, widening as they 
approach the caldera. The dikes, it is true, do undoubtedly attest 
many dislocations of the mass, which have taken place at successive 
and often distant periods. But none of them can have belonged to 
the supposed period of terminal and paroxysmal upheaval, for, had 
the caldera existed when they originated, the melted matter now 
solidified in each dike must, instead of filling a rent, have flowed 
down into the caldera, tending so far to obliterate the great cavity. 

The second objection is the impossibility of imagining that so vast 
a scries of agglomerates, tuifs, stratified lapilli, and highly scoria- 
ccous lavas could have been poured out within a limited area without 
soon giving rise to a hill, and eventually to a lofty mountain. Such 
heavy angular fragments as are seen in the agglomerates, single beds 
of which are sometimes 200 or 300 feet thick, must when hurled 
into the air have fallen down again near the vent, and would be 
arranged in inclined layers dipping outwards from the central axis 
of eruption. It is in perfect accordance with this hypothesis that we 
should behold agglomerates, lapilli, and scorim predominating in the 
walls of the Caldera ; whereas in the ravines nearer the sea, where 
the inclination of the beds has diminished to 10 and even to 5 
degrees, the proportion of stony as compared to fragmentary ma- 
terials is precisely reversed. It is also natural that the dikes should 
be most numerous where the cjectamenta are to the more solid beds 
in the proportion of 3 to 1, as at 6, fig. 698. p. 623. ; while the dikes 
are few in number where the stony lavas predominate (as at c, ibid.). 
Many of the scoriaccous beds at h may be the upper extremities of 
currents which became stony and compact when they reached c, 
and flowed over a more level country ; but this suggestion cannot 
be assented to by the advocates of the upheaval theory, for it assumes 
the existence of a cone long before the time had arrived for the 
catastrophe which according tc their views gave rise to a conical 
mountain. 

If, however, we reject the doctrine that the beds were tilted by a 
movement posterior to the accumulation of all the compact and frag- 
mentary socks, how are we to account for the steepness of the dip of 
some stony lavas high up in tnc walls of the Caldera ? These masses 
are occasionally 50 or 100 feet thick, of lenticular shape, as seen in 
the cliffs from below, and to all appearance parallel to the associated 
layers of scoriae and lapilli. But unfortunately no one can climb up 
and determine how far the supposed parallelism may be deceptive. 
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The solid bods extend in general over small horizontal spaces, and 
some of them may possibly be no other than intrusive lavas, in the 
nature of dikes, more or less paraUel to the layers of ejectamenta. 
Such lavas, when the crater was full, may have forced their way 
between highly inclined beds of scorim and lapilli. We know that 
lava often breaks out from the side or base of a cone, instead of 
rising to the rim of the crater. Nevertheless one or two of the stony 
masses alluded to seemed to me to resemble lavas which had flowed 
out superficially. They may have solidified on a broad ledge formed 
by the rim of a crater. Such a rim might be of considerable breadth 
after a partial truncation of the cone. And some lavas may now 
and then have entirely filled up the atrium^ or what in the case of 
Somma and Vesuvius is called the atrio "del cavallo, that is to say, 
the interspace between the old and now cone. When by the products 
of new eruptions a uniform slope has been restored, and the two cones 
have blended into one (see c, dy c, fig., p. 638.), the next breaking down 
of the side of the mountain may display a mass of compact rock of 
great thickness in the walls of a caldera, resting upon and covered 
by ejectamenta. Other extensive wedges of solid lava will be 
formed on the fianks of every volcanip mountain by the interference 
of lateral, or, as they are often termed, parasitic cones, which check 
or stop the downward flow of lava, and occasionally offer deep craters 
into which the melted matter is poured. 

By aid of one or all the processes above enumerated we may 
certainly explain a few exceptional cases of intercalated stony bcd.% 
in the midst of others of a loose and scoriaceous nature, the whole 
being highly inclined. But to account for a succession of compact 
and truly parallel lavas having a steep dip, we may suppose that 
tjiey flowed originally down the fianks of a cone sloping at angles 
of from 10 to 15 degrees, or even much more, as in many active 
volcanos. They may also have acquired subsequently a still steeper 
inclination, for it would bo rjish to assume the entire absence of 
local disturbances during the growth of a volcanic mountain. Some 
dikes are seen crossing others of a different composition, marking a 
distinctness in the periods of their origin. The volume of rock 
filling such a multitude of fissures as we see indicated by the dikes 
in Palma must be enormous; so that, could it be withdrawn, the 
mass of ejectamenta would collapse and lose both in height and 
bulk. The injection, therefore, of all this matter in a liquid state 
must have been attended by the gradual distension of the cone, the 
increase of which I have elsewhere compared both to the exogenous 
and endogenous growth of a tree, as it has been affected alike by 
external and internal accessions. 

But the acquisition of a steeper dip by such reiterated rendings 
and injections of a cone is altogether opposed to the views of 
those who defend the upheaval hypothesis, because it draws with it 
the conclusion that the slopes were always growing steeper and steeper 
in proportion as the cone waxed older and loftier. Once admit this, 
and it follows, that the upper layers of solid lava must have con- 



630 EXTENT AND NATURE OP [Ch. XXIX. 

jformed to surfaces already inclined at angles of 20, or, in the case of 
the Caldera of Palma, 28 degrees. 

For this reason the defenders of the upheaval hypothesis are con- 
sistent with themselves in assigning the whole movement by which 
the strata, whether solid or incoherent, have been tilted, exclusively 
to one terminal catastrophe. The whole development of subter- 
ranean force is represented as the last incident ip every series of 
volcanic operations, the closing scene of the drama ; and the sudden 
and paroxysmal nature of the catastrophe is inferred from the 
absence of all signs of successive and intermittent action so cha- 
racteristic of the antecedent volcanic phenomena. 

I have alluded to an opinion entertained by some able geologists, 
that no lava can acquire any degree of solidity if it flows down a 
declivity of more than three degrees. This doctrine I have, I 
think, proved in my memoir on Mount Etna* to be entirely erro- 
neous. I have there shown, from observations made by me in 1857, 
that modern lavas, several of them of known date, have formed con- 
tinuous beds of compact stone on slopes of 15, 36, and 38 degrees, 
and, in the case of the lava of 1852, more than 40 degrees. The 
thickness of these tabular layers varies from 1 foot to 26 feet ; and 
their planes of stratification are parallel to those of the overlying 
and underlying scorim which form part of the same currents. 

There are some lavas north-east of Fuencalientc, at the southern 
extremity of Palrna, so modern as to be still black and uncovered 
with vegetation, which descend slopes of no less than 22 degrees, and 
yet contain large masses of compact stone, formed chiefly on the sides 
of tunnehsliaped cavities, 15 or 20 feet deep, in which one layer luis 
solidified witliin another on the walls of these channels, while in the 
central part the lava seems to liave ’remained fluid so as to run 
out of the tunnel, leaving an arched cavity, the roof of which hds in 
most cases fallen in. The strength of the enveloping crust of scoriae 
at the lower end of a lava-current in which one of these tunnels 
existed may have been sufficient to arrest the progress of the stream 
for hours or days, and during that time solidifleation may have 
occurred under great hydrostatic pressure. 

Before taking leave of Palma, we have yet to consider another 
distinct point, namely, what amount of denudation has taken place 
in the Caldera and its environs. Assuming that the great cavity or 
some part of it may have originavcd in the truncation of a cone in 
the manner before suggested, to what extent has its shape been sub- 
sequently enlarged or modified by aqueous erosion? It will be 
remembered that a conglomerate of well-rounded pebbles, no less 
than 800 feet thick, was spoken of as visible in the great Barranco 
(see description of section, pp. 624, 625.). That conspicuous deposit, 
3 or 4 miles in length, was evidently derived from the destruction 
of rocks like those in the Caldera, for the present torrent brings 
down annually similar stones of every size, some very large, and 
rounds them by attrition in its channel. By what changes in the 

• Phil. Trans., 1858. 
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configuration of the island after the old volcano and its Caldera were 
formed was so vast a thickness of gravel formed, to be afterwards 
cut through to a depth of 800 feet ? The ravine through which 
the torrent now flows has been excavated to that depth through the 
old conglomerate. The occurrence of two or three layers of con- 
temporaneous lava, intercalated between the strata of puddingstoiie, 
ought not to surprise us ; for even in historical times eruptions have 
been witnessed in the soutliern half of Palma. Such basaltic lavas, 
one of them cohiinuar in structure, have not come down from the 
Caldera, but from cones much nearer the sea, and immediately ad- 
joining the Barranco, like the cone of Argual (see map, p. 622.) and 
Olliers. These lavas, ““of the same age as the conglomerate, consist 
of three or four currdhts of limited cxtimt, for in many parts of the 
river-cliffs no volcanic formation is visible on either bank. On the 
riglit bank of the Barranco, the conglomerate, when traced west- 
ward, is soon found to come to an end as it abuts against the lofty 
precipice e (fig. 700.), which is a prolongation of the western wall 
of the Caldera. Its extent eastward from b' may be more consider- 
able, but cannot be ascertained, as it is concealed under modern 
scoriae and lava spread over the great platform, r. 

Hg. 700. 

West. Ea&t. 



A. Ravini! or R irr.inco de lus Anmiiitias, near it termination in I’alina. 
b. b\ ft". Coiigloinprata, hOO leet thirk in parts. 

r, c'. Lava intercalat' d between the bciln of conglomerate. 

d, d\ An<<tlier and older current of basaltic lava, columnar m parts. 

K. Clitt'ur ancient volcanic rocks ol the Upper Formation (p. 0^7.), a prolongation of 
the uctteni wall oi the Caldera. 

F. n.itfurin on which the town of Argual stands. 

As we could find no organic remains in the old gravel, we have no 
positive means of deciding whether it be fluvititile or marine. The 
height of its base above the sea, where it is 800 feet thick, may be 
about 350 feet, but pfitches of it ascend to elevfitions of 1000 and 
1500 feet near the top of the Barranco, as shown at/f, &c., in section, 
fig. 699. p. 624. Such a mass of gravel, therelbre, l>ears testimony 
to the removal of a prodigious amount of materials from the Caldera 
by the action of water. Whatever may have been the mode of 
transportation, it is obvious that a large portion of the volcanic 
iTuiterials, consisting of sand, lapilli, and scoriae, before described 
,(p. 625.) as belonging to the upper formation in the Caldera, would 
leave behind them few pebble.^. Nearly all of these perishable 
deposits would be swept down in the shape of mud into the Atlantic. 
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Even the hard rounded stones, since they were once angular and 
are now ground down into pebbles, must have lost more than half 
their original bulk, and bear witness to largo quantities of sedi- 
mentary matter consigned to the bed of the ocean. We saw in the 
Caldera blocks of huge size thrown down by cascades from the upper 
precipices during the melting of the snows, a fortnight before our 
visit, and much destruction was likewise going on in the lower set of 
rocks by the same agency. We also learnt that a great flood rushed 
down the Barranco in the spring of 1854, shortly before our arrival, 
damaging several houses and farms, and 1 have therefore no doubt 
that the erosive power even of rain and river water, aided by earth- 
quakes, might in the course of ages empty ouf a valley as largo as the 
Caldera, although probably not of the same slfape. I am disposed to 
attribute the circular range of cliffs surrounding the Caldera to vol- 
canic action, because they forcibly reminded me of the precipices 
encircling three sides of the Val del Bove, on Etna ; and because 
they agree so well with Junghuhn’s description of the old crater- 
walls ” of active volcanos in Java, some of which equal or surpass in 
dimensions even the Caldera of Palma. The latter may have con- 
sisted at first of a true crater, enlarged afterwards into a caldera by 
the partial destruction of a great cone ; but, if so, it has certainly 
been since modified by denudation. Nor can any geologist now de- 
fine how much of the work has been accomplished by aqueous, and 
how much by volcanic agency. The phenomenon of a river cutting 
its channel through a dense mass of ancient alluvium formed during 
oscillations in the level of the laud is not confined to volcanic coun- 
tries, and I need not dwell here on its interpretation, but refer to 
what was said in the seventh chapter. (See p. 84.) 

There remains, however, another question of high theoretical 
interest ; namely, whether the denudation was marine or fluvialfile. 

It was stated that the materials of the great cone or assemblage 
of cones in the north of Palma are of subaerial origin, as proved 
by the angularity of the fragments of rock in the agglomerates ; ^ 
but it may be asked, whether, when the Caldera was formed long 
afterwards, it may not, like the crater of St. Paul’s (fig. 702. 
p. 636.), have had a communication with the sea, which may have 
entered by the great Barranco, and if, after a period of partial 
submergence, the island may not then have risen again to its ori- 
ginal altitude. In such a case 'he retiring waters might leave 
behind them a conglomerate, partly of river-pebbles, collected at the 
points where the torrent successively entered the sea, and partly of 
stones rounded by the waves. The torrent may have finally cut a 
deep ravine in the gravel and associated lavas when the land was 
rising again. Such oscillationo of level, amounting to more than 
2000 feet, would not be deemed improbable by any geologists, pro- 
vided they enable us to explain more naturally than by any other 
causation, the origin of the physical outlines of the country. As to^ 
the fact that no marine shells have yet been discovered in the 
conglomerate, sufficient search has not yet been made for them to 
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entitle us to found an argument on such negative evidence. At the 
same time I confess that, having found sea-shells and brjozoa 
abundantly in certain elevated marine conglomerates in the Grand 
Canary, before I visited Palma, and being unable to meet with any 
in the Barranco de las Angustias, I regarded the old gravel when I 
was on the spot as of fuviatilo origin. Such inferences are always 
doubtful in the absence of more positive data, and the intervention 
of the sea might perhaps account for some phenomena in the 
configuration of the Caldera and Barranco more naturally than river 
action. For example, we have the lofty cliff jc, fig. 7()0. p. 63 1 . already 
mentioned, and c,/, map, p. 621., extending four or five miles fi*om 
the Caldera to^ the serf on the right bank of the Barranco, and no 
cliff of corresponding height or structure on the other bank, where for 
miles towards the south-east there is the platform f, fig. 700. p. 631., 
supporting several minor volcanic cones. The sea might bo sup- 
posed to leave just such a cliff as e, after cutting away a portion of 
the south-western extremity of the old dome-shaped mountain in the 
north of Palma, whereas a torrent or river might be expected to 
leave a cliff of similar structure and nearly equal height on both. As 
to the fact of the old conglomerate ascending an inclined plane, 
7*, /, p. 624., from the sea-level to an elevation of about loOO feet, 
near the entrance of the Caldera, this is by no means conclusive in 
favour of fluviatile action, although some elevated patches of the 
same may in truth belong to an old river-bed ; but in South America 
gravel-beds of raariuo origin have a similar upward slope, when 
followed inland, and the cause of such an arrangement has been 
explained in a satisfactory manner by Mr. Darwin.* 

Another argument in favour of marine denudation maybe derived 
from that peculiar feature in the configuration of Palma, before 
alluded to, called the pass of the Cumbrecito (e, fig. 6J'9. p. 6-4.), 
forming a notch in the ujjpormost line of precipices surrounding 
the Caldera. This break divides the mountain called Alejenado, «/, 
fig., p. 624., from the eastern wall, c f, and cuts quite through the 
upper formation ; yet the range of precipice, f, c, on the eastern side 
of the Caldera is continued uninterruptedly, and retains its full height 
of loOO or 2000 feet above its base, to the southward of the Cuin- 
brecito, or from e towards a, map, fig. 695., p. 621. In this prolon- 
gation of the cliff for half a mile southward, beds of volcanic matter 
and dik(js are seen, as in the walls of the Caldera. 

The indentation forming the pass of the Cumbrecito, <?, p. 624., has 
more the appearance of an old channel, such as a cuireiit of water 
may have excavated, than of a rent or a chasm caused by a fault. In 
case of a fault the lower formation would not be persistent and unin- 
terrupted across the Cumbrecito, constituting the watershed ; but 
would have sunk down and have been replaced by the upper basaltic 
rocks. If we could assume tliat Jhe sea once entered the Caldera 
here as well as by the great Barranco, it might have produced such 


* Gcolog. Obsenr., South America, p. 43. 
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a breach as and such an extension of the line of cliffs as that now 
observable between e and a, map,p. 621., without anj corresponding 
cliff to the westward of e, a. 

Yet wo could discover no elevated outliers of conglomerate to 
attest the supposed erosion at the Cumbrecito, which is about 3500 
feet above the level of the sea. It might also bo objected to the 
hypothesis of marine denudation in Palma, that there are no ranges 
of ancient sea-cliffs ou the external slopes of the island. The flanks 
of the mountain, except where it is furrowed by ravines or broken 
by lateral cones, descend to the sea with a uniform inclination. In 
reply to such a remark, I may observe that we do not require the 
submergence of the uppermost 3000 feet of the old oone in order to 
allow the sea to enter both the great Barranco and the Cumbrecito 
and to flow into the Caldera. It would be enough to suppose the land 
to sink down so as to permit the waves to wash the base of the basaltic 
cliffs in the interior of the Caldera, and to wear a passage through 
the Cumbrecito where there may have been always a considerable 
depression in the outline of the upper formation. But would not 
the same waves which had power to form in the Barranco a mass of 
conglomerate 800 feet thick have left memorials of their beach- 
action on the external slope of the island ? No such monuments are 
to be seen, and their absence raises an objection of no small weight 
against the supposition of the sea having ever entered the Caldera. 
It may, however, be said, in explanation, — first, that cliffs are not 
so easily cut on the side of an island towards which the beds dip 
as on the side from- which they dip; secondly, if some small cliffs 
and sea-beaches had existed, they may have been subsequently 
buried under showers of ashes and currents of lava proceeding 
from lateral coii(*s during eruptions of the same date as those which 
were certainly contemporaneous with the conglomerate of the great 
Barranco. 

On the eastern coast of Palma, about half a mile from the sea, 
in the ravine of Las Nieves, not far from Santa Cruz, we observed 
a conglomerate of well-rounded pebbles having a thickness of 100 
feet, covered by successive beds of lava, also about 100 feet thick. 
In this instance the ancient gravel beds occupy a ]>osition very 
analogous to the buried cone, s, r, fig. 698. p. 623. ' When in Palma, 
I conceived them to be of fiuviatile origin ; but, wlicther marine or 
freshwater, it must be admitted *hat the 8up(*rposition of so dense 
an accumulation of lavas to a mass of conglomerate 100 feet tliick 
shows how easily tlie outer slopes of the island may have been 
denuded by the sea and yet display no superficial signs of marine 
denudation, every old beach or delta once at the mouth of a torrent 
being concealed under newer -olcanic outpourings. At the same 
time I should state that M. Ilartung and I, when in Palma, camo 
to the conclusion that the waves of the sea had never readied the 
Caldera, although they may have penetrated for some distance into 
the Barranco do las Angustias, and may have overflowed the space 
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now overspread bj certain strata of conglomerate to the east of 
the Barranco. 

Since the cessation of volcanic action in the north of Palma, the 
most frequent eruptions appear to have taken place in a line running 
north and south, from a to Fuencaliente, map, p. 621.; one of the 
volcanos in this range, called Vcrigojo, being no less than 6o65 
Fnglish^feet high. Tlie lavas descending from several vents in this 
chain reach the sea both on the east and west coast, and are many 
of them nearly as naked and barren of vegetation as when they first 
flowed. The tendency in volcanic vents to assume a linear ar- 
rangement, as seen in the volcanos of the Andes and Java on a 
grand scale, is exemplified by the cones and craters of this small 
range in Palma. It has been conjectured that such linearity in the 
direction of superficial outbreaks is connected with deep fissures in 
the earth’s crust communicating with a subjacent focus of subter- 
ranean heat. 

By discussing at so much length the question whether the sea 
may or may not have played an important part in enlarging the 


Fig. 701. 



Map of the iRlanrt of St. P.ml, in the Indian Orenii. lot. 38° 44' S., long. 77° 37' E., 
surveyed by Capt. Bhickwood, R N., 1842. 

Caldera of Palma, I have been desirous at least to show how many 
facts and observations are required to explain the structure and 
configuration of such volcanic islands. It may be useful to cite, in 
illustration of the same subject, the present geographical condition 
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of St. Paul’s or Amsterdam Tslahd, in the Indian Ocean, midwaj 
between the Cape of Good Hope and Australia. ^ 

In this case the crater is only a mile in diameter, and 180 feet 
deep, and the surrounding cliffs were loftiest about 800 feet high, 
so that in regard to size such a cone and crater arc insignificant 
when compared to the cone and Caldera of Palma or to such Tolcanic 
domes as Mounts Loa and Kea in the Sandwich Islands. But the 
Island of St. Paul exemplifies a class of insular volcanos inlo which 
the ocean now enters by a single passage. Every crater must 


Fig. 702. 



View at the Ciater of the Iglaud of St. Paul. 


Fig. 703. 



Side view of thtt Island of St. P.tiil (N E. side). Nine-pin Rocks two miles distant. 
(Captain Blackwood.) 


almost invariably have one side much lower than all the others, 
namely, that side towards which the prevailing winds ruiver blow, 
and to which, tlierefore, showers of dust and scorias are rarely 
carried during eruptions. There will also bo one point on this 
windward or lowest side more depr ssed than all the rest, by which, 
in the event of a partial submergence, the sea may enter as often ns 
the tide rises, or as often as the wind blows from that quarter. For 
the same reason that the sea continues to keep open a single 
entrancet into the lagoon of an atoll or annular coral reef, it will not 
allow this passage into the crater to be stopped up, but will scour it 
out at low tide, or as oflben as the wind changes. The channel, 
therefore, will always be deepened in proportion as the island rises 
above the level of the sea, at the rate perhaps of a few feet or yards 
in a century. 

The crater of Vesuvius in 1822 was 2000 feet deep ; and, if it 



Fig. 704. 
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were a half-submerged cone like St. Paul, the excavating power of 
the ocean might, in conjunction with a gradual upheaving force, give 
rise to a largo caldera. Whatever, therefore, may have been the 
nature of the forces, igneous or aqueous, which have shaped out the 
Val del Hove on Etna, or the deep abyss called the Caldera in the 
north of Palma, wo may well conceive that some craters may have 
been enlarged into calderas by the denuding power of the ocean, 
whenever considerable oscillations in the relative level of land and 
sea have occurred. 

Peak of Tencriffe . — The accompanying view of the Peak, taken 
from sketches made by M. Hartung and myself during our visit to 
Teiicritfe in 1854, will show the manner in which that lofty cone is 
encircled on more tliMii two sides by what I consider as the ruins 'of 
an older cone, chiefly formed by eruptions from a summit which has 
disappeared. That ancient culminating point from which one or 
more craters probably poured forth their lavas and ojoctamenta may 
not have been placed precisely where the present peak now rises, 
Sind may not have had the same form, but its position was probably 
not materially different. The great wall or semicircular range of 
precipices, c, <?, surrounding the atrium, ft, ft, is obviously analogous 
to the walls of a Caldera like that of Palma ; but here tlie cliffs are 
insignificant in dimensions when compared to those in Palma, being 
ill general no more than 500 feet high and rarely exceeding 1000 
feet. The plain or atrium, ft, ft, figs. 704. and 705., lying at the base 
of the cliffs, is here called I^as Canadas, and is covered with sand and 
pumice thrown out from the Peak or from craters on its flanks. 
Copious streams of lava, d have also flowed down from lateral 
openings, especially from a crater called the Chahorra, /, fig. 705., 
which is not seen in the view, fig. 704., as it is hidden by the Peak. 
The last eruption was as late as the year 1798. 

Fig. 706. 





s.w. y,K. 

Section through part of Tcueriffe, from N.E. t'» S. W. On a true scale ; as given in 
Von Buch'k ** Canary l8l.iii(Is.” 
a. Peak of Tenerifle. d. modern lavas. 

li, the Canadas or airinni. /. coiic and crater of Cliahorra. 

c. cliff bounding the atrium. 

To what extent the lava.s, d d^ figs. 704. and 705., may have nar- 
rowed the circus or atrium, ft, or taken away from the height of 
the cliff, no geologist can determine for want of sections ; but 
should the Peak and the Chahorra continue to bo active volcanos for 
ages, the new cone, o, might become united with the old one, and the 
liiva might flow first from e to <?, and then from a to c, fig. 705., so 
that the slope might begin to resemble that formed by lavas and 
ejectamenta from the summit a to Guia, on the south-western side 
of the cone. 
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Madeira . — Every volcanic island, so far as I have examined them, 
varies from every other one in the details of its gcoj^raphical and 
geological structure so greatly that I have no expectation of finding 
any simple hypothesis, like that of “ elevation craters,” applicable to 
all, or capable of explaining their origin and mode of growth. Few 
inlands, for example, resemble each other more than Madeira and 
]^alma, inasmuch as both consist mainly of basaltic rocks of sub- 
nerial origin, but, when wo compare them closely together, there is 
no end to the points in which they differ. 

The oldest formation known in Madeira is of submarine volcanic 
origin, and referable to the Upper Miocene tertiary epoch, as will be 
explained in Chap. XXXL, p. 607. To this formation belong the 
tutfs and limestones containing marine shells and corals which occur 
at S. Viccnt(5 on the northern coast, where they rise to the height 
ol* more than 1300 feet abo.ve the sea. They bear testimony to an 
upheaval to that amount, at least, since the commencement of volcanic 
action in those parts. 

The pebbles in these marine beds are well rounded and polished, 
strongly contrasting in that respect with the angular fragments of 
similar varieties of volcanic rocks so frequent in the superimposed 
tnlfs and agglomerates formed above the level of the sea. 

The length of Mad(jira from cast to west is about 30 miles, its 
greatest breadth from north to south being 12 miles. The annexed 
section, fig. 705,, drawn up on a true scale of heights and horizontal 
distances from the ol)8ervatJons of M. TTartnng and myself, will 
enable the reader to comprehend some of the points in wdiicb, 
geologically cojisidered, Madeira resembles or varies from Palma. 
In the central region, at X, as well as in the adjoining region on 
each side of it, are seen, as in the centre of Palma, a great number 
ol' dikes penetrating through a vast accumulation of ejectamonta, c. 
Here also, as in Palma, we observe as we recede from the centre, 
that the dikes decrease in number, and beds of scoriso, lapilli, 
agglomerate, and tuff begin to alternate with stony lavas, d until 
at the distance of a mile or more from the central axis the volcanic 
mass, below f U and e consists almost exclusively of streams or 
sheets of basalt, with many red partings of laterite or red oclireous 
clay. These red bands vary in thickness from a few inches to two 
or three feet, and consist sometimes of layers of tuff, sometimes of 
ancient soils derived from decomposed lava, both of them burnt to a 
brick -red colour, and altered by the contact of melted matter which 
has flowed over them. Some of these bands are represented in tig. 

706. by interrupted lines, . The darker divisions with vertical 

cross-bars MlMiiO indicate lavas which originally flowed on the sur- 
face. Had there been room, many more alternations of such lavas 
would have been introduced. They consist chiefly of basalts more 
or loss vesicular, and in some places of trachyte. The lighter tint, 
c, expresses an accumulation of scoriro, agglomerate, and other ma- 
terials, such as may have been piled up in the open air, in or around 
the chief orifices of eruption, and between volcanic cones. This 
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older formation, though represented by an uniform tint, is by no 
means an amorphous mass, but is separated into innumerable layers 
which dip towards all points of the compass, so that their mode of 
arrangement could not be expressed in a sniall diagram. 

The Pico Torres, a, more than 6000 feet high, is one of many 
central peaks, composed of ejected materials. By the union of the 
foundations of many similar peaks, ridges or mountain crests are 
formed, from which the tops of vertical dikes project like turrets 
above the weathered surface of the softer beds of tuff and scoriae. 
Hence the broken and picturesque outline, giving a singular and 
romantic character to the scenery of the highest part of Madeira. 
North of A is seen Pico Ruivo (b), the most elevated peak in the 
island, yet exceeding by a few feet only the height of Pico Torres. 
It is similar in composition, but its uppermost part, 300 feet high, 
retains a more perfectly conical form, and has a dike of basalt with 
olivene at its summit, with streams of scoriaceous lava adhering 
to its steep flanks. There are a great many such peaks east and 
west of A, which seem to be the ruins of cones of eruption, the 
materials of some at least having been arranged with a qua-qiiu- 
versal dip. Among these is Pico Grande, C, fig. 708., now half- 
buried under more modern lavas which have flowed round it* 

It will be seen that the beds of lava in the central region between 
e and / (fig. 706. p. 641.) are nearly horizontal, or have a dip of no 
more than from three to five degrees, whereas the angle of slope of 
the beds between / and h is often seventeen degrees on the' southern 
flank, and usually as much as ten on the northern, or between e and 
g. The moderate inclination of the lavas between B, A, and R has 
been caused by the juxta-position of a multitude of cones which 
have prevented the streams of melted matter from flowing freely 
from the main axis or lava-shed towards the sea, whetlier in a uortli 
or south direction. The marked prolongation of this gentle slope 
on both sides of R, and from R to^ may be attributed to the fact 
that below f there is a very ancient ridge of erupted materials, c, 
which has formed a barrier intercepting the free passage of the 
central lavas to the sea. Between this secondary buried chain 
above cor below/, and the higher central chain of scorim below A, 
the valley or cavity, d j, was filled up with horizontal beds of lava, 
over which an enormous mass of other sheets of basalt and deposits 
of tuff, from d to R and from R to / were afterwards accumulated, 
until at last an aggregate thickness of 3500 feet of stratified 
materials was farmed. Sections of this vast accumulation arc ex- 
posed to view in nearly vertical p/’eci pices in the deep valley called 
the Curral. But when the lavas had surmounted the ancient ridge 
below / and were no more ob.^tructed in their seaward course, they 
flowed with a steep inclinatlou, often at an angle of 17 degrees 
towards the south. Nearer the sea, as at t and L on both sides of 
the island, where the most modern lavas occur, the dip diminishes to 
5 degrees, and even to 3^, as at K, near Funchal. lu this latter 
characteristic (the smaller inclinatiou of the lavas near the sea, and 



FIfi. 706. 

South. .section of Madeira from north to south, or from point s. jorge to point da cruz, near fuschal. 



id for want of space a few only aie iiitr^uced into the diagram. 
Scoriaci'ous formation marked c and deicribed p 639. 
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their association there with modern cones of eruption, such as 
M, N, o,). tiiere is a strict analogy between Madeira and Palma. 
Distinct buried cones of eruption also occur at many points, as at 
•p and fig. 706., which have been overwhelmed by lavas flowing 
from the central region. 

As a general rule, the lavas of Madeira, whether vesicular or com- 
pact, do not constitute continuous sheets parallel to each other. 
When viewed in the sea-cliffs in sections transverse to the direction 
in which tliey flowed, they vary greatly in thickness, even if 
followed for a few hundred feet or yards, and they usually thin out 
entirely in less than a quarter of a mile. In the ravines which 
radiate from the centre of the island, the beds are more persistent, 
but even here they usually are seen to terminate, if followed for a 
few miles ; their thickness also being very variable, and sometimes 
increasing suddenly from a few feet to many yards. 

We saw no remains of fossil plants in any of the red partings or 
laterites above alluded to; but Mr. Smith, of Jordanhill, was more 
fortunate in 1840, having met with the carbonized branches and 
l oots of shrubs in some red clays under basalt near Funchal. Never- 
theless, M. Hartung and I obtained satisfactory evidence in the 
northern part of the island, in the ravine of S. Jorge, of the former 
existence of terrestrial vegetation, and consequently of the subaerial 
origin of a large portion of the lavas of Madeira. At q in the section 
(fig. 706.) the occurrence of a bed of impure lignite, covered by basalt, 
had long been known. Associsited with it, we observed several layers 
of tuff and clay or hardened mud, in one of which leaves of dicoty- 
ledonous plants and of ferns abound. Sir Charles J. F. Bunbury, 
who was with me in Madeira during the winter of 1853-4, at once 
jironounccd one of the fossil ferns to agree in its peculiar vernation 
with Woodwardia radicans, a species, now common in Madeira; 
and he afterwards discovered the common Madeira fern, DavalUa 
Canarlensis^ and a Nephrodium^ and other ferns among the fossil 
remains. He also pointed out that, among the dicotyledonous leaves, 
some were of the myrtle family, the larger proportion having their 
surfaces smooth and unwrinkled, with a somewhat rigid and cori- 
aceous texture, and with undivided or entire margins. ‘‘ These 
characters,” observed Sir C. Bunbury, “ belong to the laurel -type, 
and indicate a certain analogy between the ancient vegetable re- 
mains and the modern forests of Madeira, in which laurels anti 
other evergreens abound, with glossy coriaceous and entire-cdgctl 
leaves, while below them there is an undergrowth of ferns and 
Various other plants.” * 

Professor Heer, of Zurich, has since published (1855) an account 
of some additional fossils collected by M. Hartung from the tuflF of 
San Jorge, enumerating tweiAy-seven forms, referable to ferns and 
phenogamous plants, most of them agreeing with species now 
inhabiting Madeira, such as Pteris aquilina^ Trichomanes radU:ans, 

* Banbury, Quart. Gcol. Jonm., 1854, vol. x. p. 326. 
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8cc., and leaves like those of Osmunda regalisC(\ no longer found in 
the island. Among the dicotyledonous plants the Professor describt's 
Mgrica Fayn^ Oreodaphne feetens^ Erica arborea^ &c., also a few 
genera, such as Corylus and now foreign to Madeira. Tin* 

botanical determinations both of Prof. Heer and Sir C. Bunbury 
would lead us to refer the leaf-bed to a period as modern as the 
Newer Pliocene, if not the Post-pliocene.* 

The lignite above mentioned and the leaf-bed occur at the height 
of 1000 feet above the level of the sea, and arc overlaid by super- 
imposed basalts and scoriae, 1100 feet thick, implying the existence 
of an ancient terrestrial vegetation long before a large part of 
Madeira had been built up. The nature of the tuffs accompanying 
llie lignite, together with some aggloinct-ates in the vicinity, entitles 
us to presume that near this spot a series of eruptions once broke 
out. Nor is it improbable that there may have been here the crater 
of some lateral cone in which the lignite and leaf-bed accumulated ; 
for, although craters are remarkably rare in Madeira, wlieu we 
consider how great is the number of cones of eruption, yet on the 
mountain called Lagoa, 2^ miles west of Machico, a crater as perfect 
as that of Astroni near Naples may be seen. 

At the bottom of this circular cavity (fig. 707.), which is about 
150 feet deep, is a plain about 500 feet in diameter, having a pond 
in the middle, towards which the plain slopes gently from all sides. 
Such ponds are often seen in the interior of extinct craters. Except 
in the middle it is shallow, and supports aquatic plants. Many 
leaves must also be blown into it from the surrounding heights 
when high winds prevail, so that a mass of peaty matter convertible 
iuto lignite may collect here. 


Fig 707. 



Crater of l.agoa, 2| miles west of Machico, Madeira. 


In this cut, taken from a sketch of my own, the depth of the crater may appear 
too great, unless it is borne in mind that there arc no trees visible, and most of tlic 
hushes arc of the Miideira whortle-bcrry ( Viiccinii/m Madeirense)^ five or six feel 
liigh. Immediately behind the foreground an artificial monnd is seen thrown ii]> 
us a fence. 

* Ileer, Schweir^ Gcsellschaft fiir Natiirwisscnschaften, Band XV. 
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Had streams of lava descending from greater heights entered this 
Lagoa crater, they would have formed dense masses of compact rock 
cooling slowly under great pressure, like those now incumbent on 
the impure lignite of S. Jorge. The dip of the latter cannot bo 
clearly determined, since it is exposed to view for too short a dis- 
tiince ; and the same may be said of the leaf-bed, part of which may 
be traced lower down the ravine. It seems, however, to dip to the 
north or towards the sea. conformably with the general inclination 
of the basaltic and tufaceous strata. 

A deep valley, called the CuiTal (b, fig. 708.), surrounded by 
precipices from 1500 to 2500 feet high, and by peaks of still greater 
elevation, occurs in the middle of Madeira. It has been compared 
by some to a crater or caldera, for its upper portion is situated in 
the region where dikes and cjectamenta abound. The Curral, how- 
ever, extends, without diminishing in depth, to below the region of 
numerous dikes, and it lays open to view all the beds R, s, fig. 706. 
Nor do the volcanic masses dip away in all directions from the Curral, 
as from a central point, or from the hollow axis of a cone. The 
Curral is in fact one only of three great valleys which radiate from 
the most mountainous district, a second depression, called the Serra 
d’Agoa Cd, fig. 708.), being almost ns deep. This cavity is also 
drained by a river fiowing to the south ; while a third valley, namelv, 
that of tlui Janella, sends its waters to the north. -The section alluded 
*to (fig. 708.), passing through part of the axis of the island in an east 
and west direction, shows how the Curral and Serra d'Agoa, Band i), 


West. Fig. 7« S. East 



Section through the central region ol Madeira, from East to West. 

A. Part of the platfurin, called the Paul lU Serra. B, Curral ; a v.illcv, 3000 feet deep. 
C. Pico Grande. U. The valley ol the Serra U’Agoa. 


are separated by a narrow and lofty ridge, c, part of which is 
surmounted by the Pico Grande,' before mentioned, nearly 5400 feet 
high. There is no essential difftTcnce between the shape of these 
three great valleys and many of those in the Alps and Pyrenees; 
where the valley-making process can have had no connection with 
any superficial volcanic action. 

In the Alps, no doubt, as in (j^hcr lofty chains, the formation of 
valley.s has been greatly aided by subterranean movements, botli 
'•radual and violent, and by the dislocation of rocks. The same may 
be true of Madeira and of almost every lofty volcanic region ; but, 
when we reflect that the central heights A and B, fig. 706., are more 
than 6000 feet above the sea, and that the waters fiowing from them, 
swollen by melted snows, reach the sea by a course of not much 
more than 6 miles in the case of those draining the Curral, and by 
nearly as short a route in the Serra d’Agoa, we shall be prepared 
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for almost any amount of denudation eifected simply by subacriul 
erosion. 

The general absence of water-worn pebbles in the tuffs underlying 
the Madeira lavas is very striking, and contrasts with the frequent 
occurrence of gravel-beds under so many of the Auvergne lavas. It 
simply proves that Madeirsi, like the volcanic mountains of Java, or 
like Mount £tna or Mona Loa in the Sandwich Islands, could not, 
so long as eruptions were frequent, and while the porous lavas 
jibsorbed all the rain-water, support a single torrent on its slopes.* 
The period, therefore, of duviatile erosion must have been almost 
entirely subsequent in date to the formation of the central nucleus 
of ejectarnenta, f, fig., p. 641., and of the lavas d, ibid. When we 
infer that these were of supramarine origin as far down as the 
line />, Sj t, and perhaps lower, it follows that a lofty island, 4000 
lect or more in height, must have resulted, oven if no upheaval had 
ever occurred. 

The movements which upraised the marine deposits of San Vicente 
may or may not .have extended over a wide area. How far, when 
they occurred, they modified the form of the island, or added to its 
lieight, is a fair subject of speculation ; and whether the steep dip 
(d‘ the lavas seen in the ravines intersecting the slopes of the moun- 
tain, / A, and e g (fig. 706., p. 641.), may be ascribable in part to 
such movements. The lavas of more modern- date, near Funchal, 
limy be imagined to remain comparatively liorizontial, because they 
have escaped the influence of disturbing forces to which tlie older 
nucleus was exposed. Without discussing this point (so fully treated 
of in reference to Palma), I may observe that unquestionably dif- 
ferent parts of Madeira have been formed in succession. Near 
Porto da Cruz, for example, on the northern coast, trachytes oJ’ a 
grey and yellow, and trachytic tuffs almost of a wdiito colour, in 
slightly inclined or almost horizontal beds, have partially hlled up 
deej) valleys previously excavated through tho older and inclined 
basaltic rocks (dipping at an angle of 10° to the north), under which 
the leaf-bed and lignite before mentioned, fig. 706., p. 611., lie 
buried. During the convulsions which accompanied the outpouring 
of every newer series of lavas the older rocks may have been more 
or less disturbed and tilted, without destroying tho general form of 
Mie old dome-shaped mountain supposed by us to have been the 
result of repeated eruptions from the central vents. 

The locality just referred to of Porto da Cruz exemplifies not 
only the long intervals of time which separated the outflowing of 
distinct sets of lavas, but also the precedence of the basaltic to 
the trachytic outpourings. So also on the southern slope of Madeira, 
we observed between the Jardim and Pico Bodes, situated in a 
direct line about 6 miles north-west of Funchal, a well-marked 
••'(Ties of trachytic rocks of considerable thickness occupying the 


* See remarks on Etna, Lyell’s PriMcqdcs of Geology, chup. xxv. (9th ed.. 
p. 405.). 
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liighest geological position. They consist of white and grey tra- 
chytes, occurring at points varying from 2500 to 3500 feet above 
the sea. Their position may be understood by supposing them to 
constitute the uppermost beds represented at h in the section 
(rig. 706. p. 641.), and on the slope above h. The doctrine, there- 
fore, that in eacli series of volcanic eruptions the trachytic lavas 
flow out first, and after them the basaltic (see p. 650.), is by no 
means borne out in Madeira, although some of the newest currents, 
like those at the foot of the cones m, n, o (fig. 706.), are basaltic. 

Several of the latest and most powerful streams of lava which 
have issued from the central axis of Madeira are composed of a 
fclspathic rock of a mixed character, on the whole more trachyti(? 
tlian basaltic. It divide.^ into spheroidal masses, often several feet 
in diameter, which are very conspicuous when the contained iron has 
become more highly oxidated. M. Delesse, who had the kindness 
to analyze for me several of our specimens, found certain varieties 
of this rock to be without augite, and simply a mixture of blackhh 
green felspar with olivine. These would, according to him, he 
classed by most of the French geologists under the general designa- 
tion of basalt. Whatever name we assign to this product it indi- 
cates a cliangc in the mineral nature of the materials last emitted 
from the central axis. Where the island is narrow this spheroidal 
trap often reaches the sea, but in the broadest and loftiest part of 
Madeira it forms a superficial envelope, which extends for a certain 
distance only from the central heights, as, for example, to near o 
(fig. 706. p. 641.). Hence, near Funchal, we must ascend to a height 
of 1100 or 1200 feet before we meet with this felspathic formation, 
the lower grounds along the coast being occupied by true basalts, 
whicli never exhibit a spheroidal structure. 

Among otlu;r contrasts of character in the superficial volcanic 
formations of Madeira, I may remark that niany of the central 
peiiks^ such as A, fig: 706., seem to be the mere skeletons of cones 
of eruption, whereas other cones of like origin, such ns M, n, o, met 
with at lower levels and nearer the sea, are more regular, and have 


Fig. 7oy. 



•Surface of lava near Port Moniz, N .VV. {luiiit of Madclia ; from a drawing by M. llartung. 
a. channel traversing the lava. 


no protruding dikes on their summits or fianks. This difference in 
form may imply that the more degraded hills are of higher anti- 
quity , but it may quite as often arise from the circumstance that 
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bucli accumulations of loose ejected materials, have been exposed 
from the first to greater waste in regions where the snows melt 
suddenly, and whertf the winds are most violent. A dense covering 
of turf and shrubs, the most effective of all preservatives against 
|)luvial degradation, cannot readily be formed in such mountainous 
and stormy regions. 

Some few lavas in Madeira have a singularly recent aspect as 
compared to others which are covered with a considerable depth of 
vegetable soil. I allude particularly to the lava currents near Port 
Moiiiz, one of which is as rough and bristling as are some streams 
before alluded to in Palma (p. 635.) of historical date. I am in- 
debted to M. Hartung for the annexed drawing of lava at Port 
Moiiiz, which I did not visit myself. It is traversed by a channel, 
a, like one of those already described, p. 630. For how long a period 
such characters may be retained is uncertain, so much does this 
depend on the mineral composition of the rock. Some of the lavas 
of Auvergne, of prehistorical date and certainly of high antiquity, 
are almost as rugged ; so that this freshness of aspect is only a 
probable indication of a relatively modern origin. 
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CHAPTER XXX. 

ON THE DIFFEUENT AGES OF THE VOLCANIC BOCKS. 

Tests of relative age of volcanic rocks — Tests by superposition and intrusion 

Test by alicration of rocks in contact — Test by organic remains — Test of age 
by mineral character — Test by included fragments — Volcanic rocks of the Tost- 
riiocene period — Basalt of the Bay of Trezza in Sicily — Post* Pliocene volcuiiie 
rocks near Naples^ Dikes of Soinma. 

]lAViN<i referred the sedimentary strata to a long succession of 
geological periods, we have now to consider how far the volcanic 
i'ormations can be classed in a similar chronological order. The 
rests of relative age in this class of rocks are four : — 1st, super- 
jiu^^ition and intrusion, with or without alteration of the rocks in 
(‘ontuct ; 2nd, organic remains ; 3rd, mineral characters ; 4th, in- 
cluded fragments of older rocks. 

Tests hy superposition, — If a volcanic rock rest upon an 
a(|ueous deposit, the former must be the newest of the two ; but the 
like rule does not hold good where the utpreous formation rests 
upon the volcanic, for melted matter, rising from below, may pene- 
trate a sedimentary mass without reaching the surface, or may hi* 
lorced in conformably between two strata, as h at i> in the annexed 
tigure (fig. 710.), after which it may eool down and consolidate. 

Fig 710. 


E 1) 



Superposition, therefore, is not of the same value as a test of age in 
the unstratified volcanic rocks as in fossiliferous formations. We 
can only rely implicitly on this test where tlie volcanic rocks are 
contemporaneous, not where they are intrusive. Now, they are said 
to he contemporaneous if produced by volcanic action which was 
going on simultaneously with the deposition of the strata with which 
they are associated. Thus in the section at i> (fig. 710.), we may 
pcrliaps ascertain that the trap b Bowed over the fossiliferous bed c, 
and that, after its consolidation, a was deposited upon it, a and c 
both belonging to tjie same geological period. But if the stratum 
a be altered hy b at the point of contact, we must then con- 
clude the trap to have been intrusive, or if, in pursuing b for soin(5 
distance, we find at length tliat it cuts through the stratum a, and 
then overlies it as at e. 
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We may, however, be easily deceived in supposing the volcanic 
rock to be intrusive, when in reality it is contemporaneous ; for a 
sheet of lava, as it spreads over the bottom of the sea, cannot rest 
everywhere upon the same stratum, either because these have been 
denuded, or because, if newly thrown down, they thin out in certain 
places, thus allowing the lava to cross their edges. Besides the 
heavy igneous fluid will often, as it moves along, cut a channel into 
beds of soft mud and sand. Suppose the 
submarine Lava F (lig. 711.) to have Fig. 7ii 

come in contact in this manner with 

ilie strata, a, by c, and that after its 

consolidation the strata d, e, are thrown i ' , ' , ' ' > 
down in a nearly horizontal position, 
yet so as to lie unconformably to f, the 
appearance of subsequent intrusion will 
liere be complete, ialthough the trap is in fact contemporaneous. 
We must not, therefore, hastily infer that the rock v is intrusive, 
unless we find the strata d, c, or c, to have been altered at their 
junction, as if by heat. 

The test of Jige by superposition is strictly applicable to all stra- 
tified volcanic tutfs, according to the rules already explained in the 
case of other sedimentary deposits (see p. 97.)* 

Test of age by organic remains * — We have seen how, in the 
>icinity of active volcanos, scoriae, pumice, fine saqd, and fragments 
of rock are thrown up into the air, and then showered down upon tln^ 
land, or into neighbouring lakes or seas. In the tuffs so formed 
shells, corals, or any other durable organic bodies which may happen 
to be strewed over the bottom of a lake or sea will be embedded, and 
thus continue as permanent memorials of the geological period whtui 
the volcanic eruption occurred. Tufaceous strata thus formed in the 
neighbourhood of Vesuvius, Etna, Strornboli, and other volcanos now 
active in islands or near the sea, may give information of the relative 
age of these tuffs at some remote future period when the fires of these 
mountains are extinguished. By evidence of this kind we can es- 
tablish a coincidence in age between volcanic rocks and the dif- 
ferent primary, secondary, and tertiary fossilifcrous strata. 

The tuffs alluded to may not always be marine, but may include, 
in some places, freshwater shells ; in others, the bones of terrestrial 
quadrupeds. The diversity of organic remains in formations of this 
nature is perfectly intelligible, if we reflect on the wide dispersion of 
ejected matter during late eruptions, such as that of the volcano of 
('Oseguiua, in the province of Nicaragua, January 19, 1835. Hot 
cinders and fine scorim were than cast up to a vast height, and 
covered the ground as they fell to the depth of more than 10 feet 
and for a distance of 8 leagues from the crater in a southerly direc- 
tion. Birds, cattle, and wild animals were scorched to death in 
great numbers, and buried in ashes. Some volcanic dust fell at 
C'liiapa, upwards of 1200 miles, not to leeward of the volcano as 
might have been anticipated, but to windward, a striking proof of 
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a counter-current in the upper region of the atmosphere ; and some 
on Jamaica, about 700 miles distant to the north-east. In the sea, 
also, at the distance of 1100 miles from the poiut of eruption, Cap- 
tain Eden of the Coiiwny ” sailed 40 miles through floating pumice, 
among which were some pieces of considerable size.* 

7'esi of aye by mineral composition. — A» sediment of homo- 
geneous composition, when discharged from the mouth of a large 
river, is often deposited simultaneously over a wide space, so a par- 
ticular kind of lava flowing from a crater during one eruption, may 
spread over an extensive area ; as in Iceland in 1783, when the 
melted matter, pouring from Skaptar Jokul, flowed in streams in 
opposite directions, and caused a continuous mass the extreme points 
of which were 90 miles distant from each other. This enormous 
current of lava varied in thickness from 100 feet to 600 feet, and in 
breadth from that of a narrow river gorge to 15 miles.f Now, if 
such a mass should afterwards be divided into separate fragments by 
<lenudation, wo might still perhaps identify the detached portions by 
their similarity in mineral composition. Nevertheless, this* test will 
not always avail the geologist ; for, although there is usually a pre- 
vailing character in lava emitted during the same eruption, and even 
in the successive currents flowing from the same volcano, still, in 
many cases, the diflerent parts even of one lava-stream, or, as before 
stated, of one continuous mass of trap, vary much in mineral com- 
position and texture. 

In Auvergne, the Eifel, and other countries where trachyte and 
basalt arc both present, the trachytic rocks are for the most part 
older than the basaltic. These rocks do, indeed, sometimes alternate 
partially, as in the volcano of Mont Dor, in Auvergne; and we have 
seen that in Madeira trachytic rocks may overlie an older basaltic se- 
ries (p. 646.) ; but the great mass of trachyte occupies more generally 
perhaps an inferior position, and is cut through and overflowed by 
basalt. It can by no means be inferred tliat trachyte predominated at 
one period of the earth’s history and basalt at another, for we know 
that trachytic lavas have been formed at many successive periods, 
and are still emitted from many active craters ; but it seems that in 
each region, where a long series of eruptions have occurred, the more 
fclspathic lavas have been first emitted, and the escape of the more 
augitic kinds has followed. The hypothesis suggested by Mr. Scrope 
may, perhaps, afford a solution of this problem. The minerals, he 
observes, which abound in basalt are of greater specific gravity than 
those composing the fclspathic lavas ; thus, for example, hornblende, 
augite, and olivine are each more fhan three times the weight of 
water ; whereas common felspar, albite, and Labrador felspar have 
each scarcely more than 2^ times the specific gravity of water ; and 
ih^ difference is increased in consequence of there being much more 
iron ill a metallic state in basalt and greenstone than in trachyte and 
other fclspathic lavas and trap rocks. If, therefore, a large quantity 

* Caldclcugh, Phil. Trans., 1836, p. 27. 

f iSec Principles, Index^ ** Skaptar Jokul.*' 
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of rock be melted up in the bowels of the earth by volcanic heat, the 
ilcnser ingredients of the boiling fluid may sink to the bottom, and 
the lighter remaining above would in that case be first propelled up- 
wards to the surface by the expansive power of gases. Those ma- 
t( 3 i'ials, therefore, which occupy the lowest place in the subterranean 
reservoir will always be emitted last, and take the uppermost place 
oil th(i exterior of the earth’s crust. 

Test hy included fragments , — We may sometimes discover the 
relative ago of two trap rocks, or of an aqueous deposit and the trap 
on which it rests, by finding fragments of one included in the other 
ill cases such as those before alluded to, where the evidence of super- 
])()sition alone would be iiisufiicient. It is also not uncommon to 
lind a conglomerate almost exclusively composed of rolled pebbles of 
Imp, associated with some fossiliferous stratified formation in the 
iieiglibourhood of massive trap. If the pebbles agree generally in 
mineral character with the latter, we are then enabled to determine 
its ndative age by knowing that of the fossiliferous strata associated 
with the conglomerate. The origin of such conglomerates is ex- 
plained by observing the shingle beaches composed of trap pebbles 
ill modern volcanic islands, or at the base of Etna. 

Newer Tertiary Pliocene periods , — 1 shall now select examples of 
contemporaneous volcanic rocks of successive geological periods, to 
.show that igneous causes have been in activity'in all past ages of 
tlic world, and that they have been ever shifting the places where 
they have broken out at the earth’s surface. 

One portion of the lavas, tuffs, and trap-dikes of Etna, Vesuvius, 
and the island of Ischia has been produced within the historical 
era ; another and a far more considerable part originated at times 
Hiimeiliately antecedent, when the waters of the Mediterranean were 
already inhabited by the existing testacea, but when certain species 
of elephant, rhinoceros, and other quadrupeds now extinct, inhabited 
Kurojie. A third and more ancient portion again of these volcanos 
oiiginated .at the close of the Newer riiocene period, when less 
than ten, sometimes only one, in a hundred of the shells differed 
liom those now living (see p. 189.). 

' It has already been stated that in the case of Etna, Post-pliocene 
formations occur in the neighbourhood of Catania, while the oldest 
lavas of the great volcano are Pliocene. These are seen associated 
with sedimentary deposits at Trezzaand other places on the southern 
and eastern flanks of the groat cone (see above, p. 189.). 

The Cyclopian Islands, called by the Sicilians Dei Faraglioni, in 
the sea-cliffs of which these beds of clay, tuff, and associated lava 
Jire laid open to view, are situated in the Bay of Trezza, and may be 
regarded as the extremity of a promontory severed from the main 
hind. Here numerous proofs are seen of submarine eruptions, by 
which the argillaceous and sandy strata were, invaded and cut 
through, and tufaceous breccias formed. Enclosed in these breccias 
^re many angular and hardened fragments of laminated clay in dif- 
ferent states of alteration by heat, and intermixed with volcanic sands. 
Tlie loftiest of the Cyclopian islets, or rather rocks, is about 200 
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feet in height, the summit being formed of a mass of stratified clay, 
the laminas of which are occasionally subdivided by thin arenaceous 
layers. These strata dip to the N. W., and rest on a mass of columnar 
lava (see fig. 712.) in which the tops^of the pillars are weathered, 


Fig. 712. 



Viuw uf tht‘ Ihlu of Cyclops in the Hay of Trezaa * 


Fir. 713, 


and so rounded as to be often hemispherical. In some places in the 
adjoining and largest islet of the group, which lies to the norlli- 
castward of that represented in the drawing (fig. 712.), the over- 

lying clay has beim greatly 
altered and hardened by the 
igneous rock, and occasionally 
contorted in the most ex- 
t raord i n ary in an u er ; yet t he 
hiinination has not been ob- 
literated, but, on the contrary, 
rendered much more consjii- 
euous, by the indui’ating pro- 
cess. 

In the annexed woodcut 
(fig. 713.) 1 have represented 
SI portion of the altered rock, 
SI few feet square, where ihV* 
siltcrnating thin laminae of 
sand Sind clay have put on the 
sippesir since which we often 
observe in some of the most 
^•.olltorted of the metaiiiorphic 
schists. 

A great fissure, running 
from east to west, nearly 
divides this larger island 
into tw’o parts, and lays open 
its internal structure. In 

* This view of the Isle of Cyclops is from an original drawing by niy triend 
the late Captain Basil Hall, R.N. 



Contortions of strata in the largest of the Cjclopian 
IbUnds. 
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the section thus exhibited, a dike of lava is seen, first cutting 
through an older mass of lava, and then penetrating the superin- 
cumbent tertiary strata. In one placo the lava ramifies and ter- 
minates in thin veins, from a few feet to a few inches in thickness 
(see fig. 714 ). 


Fig. 714. 



a. lava. larainaled clay and sand. c. the same altered. 

The arenaceous laminaa are much hardened at the point of con- 
tact, and the clays are converted into siliceous schist. In this island 
tlic altered rocks assume a honeycomb structure on their weathered 
surface, singularly contrasted with the smooth and even outline which 
the same beds present in their usual soft and yielding state. 

Tlie pores of the lava are sometimes coated, or entirely filled, with 
carbonate of lime, and with a zeolite resembling analcime, which 
has been called cyclopitc. The latter mineral has also been found 
in small fissures traversing the altered marl, showing that the same 
cause which introduced the mineral.s into the cavities of the lava, 
wliether we suppose sublimation or aqueous infiltration, conveyed it 
hI.so into the open rents of the contiguous sedimentary strata. 

]*osi~ Pliocene formations near Naples , — I have traced in tlic 
“Principles of Geology ” the history of the changes which the vol- 
canic region of Campania is known to have undergone during the 
hist 2 B 0 O years. The aggregate effect of igneous operations during 
that period is far from insignificant, comprising as it does the forma- 
tion of the modern cone of Vesuvius since the year 79, and the pro- 
duction of several minor cones in Ischia, together with that of 
^^loiite Nuovo in the year 1538. Lava-currents have also flowed 
iqion the land and along the bottom of the sea — volcanic sand, 
pumice, and scorim have been showered down so abundantly that 
,wl)©le cities were buried — tracts of the sea have been filled up or 
converted into shoals — and tufaceous sediment has been transport(‘d 
by rivers and land-floods to the sea. There are also proofs, during 
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the same recent period, of a permanent alteration of the relative 
levels of the land and sea in several places, and of the same tract 
having, near Puzzuoli, been alternately upheaved and depressed to 
the amount of more than 20 feet. In connection with these convul- 
sions, there are found, on the shores of the Bay of Baiae, recent 
tufaceous strata, filled with.articles fabricated by the hands of man, 
and mingled with marine shells. 

It was also stated in this work (p. 188.), that when we examine 
this same region, it is found to consist largely of tufaceous strata, of 
a date anterior to human history or tradition, which are of such 
thickness as to constitute hills from 500 to more than 2000 feet in 
lieiglit. Some of these strata contain marine shells which are ex- 
clusively of living species, others contain a slight mixture, one or 
two per cent., of extinct species. Of the latter class is the ancient 
cone of Vesuvius, called Somma, which is of far greater volume than 
the modern cone, and is intersected by a far greater number of dikes. 
In contrasting this ancient part of the mountain with that of modern 
date, one principal point of difference is observed : namely, the 
greater frequency in the older cone of fragments of altered sedi- 
mentary rocks ejected during eruptions. We may easily conceive 
that the first explosions would act with the greatest violence, rend- 
ing and shattering wliatever solid masses obstructed the escape of 
lava and the accompanying gases, so that great heaps of ejected 
jdeces of rock would naturally occur in the tufaceous breccias formed 
by the earliest eruptions. But when a passage had once been ojmned, 
and an habitual vent established, the materials tlirown out would 
consist of liquid lava, which would take the form of sand and scorite, 
or of angular fragments of such solid lavas as may have choked uj) 
the vent. 

Among the fragments which abound in the tufaceous breccias of 
Somma, none are more common than a saccharoid dolomite, supposed 
to have been derived from an ordinary limestone altered by heat and 
volcanic vapours. 

Carbonate of lime enters into the composition of so many of the 
simple minerals found in Somma, that M. Mitschcrlich., with much 
jirobability, ascribes their great variety to the action of the volcanic 
iieat on subjacent masses of limestone. 

Dikes of Somma , — The dikes seen in the great escarpment which 
Sornma presents towards the modern cone of Vesuvius are very 
numerous. They are for the most part vertical, and travirse at 
right angles the beds of lava, scorise, volcanic breccia, and sand, of 
which the ancient cone is composed. They project in relief several 
inches or sometimes feet, from the face of the cliff, being extremely 
compact, and loss destructible than the intersected tuffs and porous 
lavas. In vertical extent they vary from a few yards to 500 feet, 
and in breadth from 1 to 12 feet. Many of them cut all the inclined 
beds in the escarpment of Somma from top to bottom, others ^op 
short before they ascend above half way, and afew^erminate at both 
ends, cither in a point or abruptly. In mineral composition they 
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{scarcely differ from the lavas of Somma, the rock consisting of a 
h;ise of Icucite and augite, through which large crystals of augito 
and some of leucito are scattered.* Examples are not rare of one 
(like cutting through another, and in one instance a shift or fault is 
seen at the point of intersection. 

In some cases, however, the rents seem to have been filled laterally, 
when tlie walls of tlie crater had been broken by star-shaped cracks, 
as seen in the accompanying wood-cut (fig. 715.). But the shape of 


Fig. 715. 



Dikes or veins ;it tlio Punto del Nasono on Somma* (Necker.t) 


these rents is an exception to the general rule ; for nothing is more 
remarkable than the usual parallelism of the opposite sides of the 
dikes, which correspond almost as regularly as the two opposite faces 
of a wall of masonry. This character appears at first the more in- 
explicable, when we consider how jagged and uneven are the rents 
caused by earthquakes in masses of heterogeneous composition, like 
those composing the cone of Somiiia. In explanation of this phe- 
nomenon, M. Necker refers us to Sir W. Hamilton’s account of an 
eruption of Vesuvius in the year 1779, who records the following 
facts : — “ The lavas, when they either boiled over the crater, oi 
broke out from the conical parts of the volcano, constantly formed 
channels as regular as if they had been cut by art down the steep 
]>art of the mountain ; and, whilst in a state of perfect fusion, con- 
tinued their course in those channels, which were sometimes full to 
the brim, and at other times more or less so, according to the quantity 
of matter in motion. 

“These channels, upon examination after an eruption, I have 
found to be in general from two to five or six feet wide, and seven 
or eight feet deep. They were often hid from the sight by a 
quantity of scoriro that had formed a crust over them ; and the lava, 
having been conveyed in a covered way for some yards, came out 

* L. A. Necker, Mem. de la Soc. de t From n drawing of M. Necker, in 
Pliys. et dTIist. Nat. dc Geneve, tom. ii., Mem. abo\c cited, 
part i., Nov. 1822. 
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fresh ag^n into an open channel. After an eruption, I have 
walked in some of those subtcri^neous or covered galleries, whicli 
were exceedingly curious, the sides, top, and bottom being worn 
perfectly smooth and even in most parts, by the violence of the 
currents of the red-hot davas which they had conveyed for many 
weeks successively.” * 

Now, the walls of a vertical fissure, through which lava has 
ascended in its way to a volcanic vent, must have been exposed to 
the same erosion as the sides of the channels before adverted to. 
The prolonged and uniform friction of the heavy fluid, as it is 
forced and made to flow upwards, cannot fail to wear and smooth 
down the surfaces on which it rubs, and the intense heat must melt 
all such masses as project and obstruct the passage of the incan- 
descent fluid. 

The texture of the Vesuvian dikes is different at the edges and in 
the middle. Towards the centre, observes M. Necker, the rock is 
larger grained, the component elements being in a far more crys- 
talline state ; while at the edge the lava is sometimes vitreous, and 
always finer grained. A thin parting band, approaching in its 
character to pi tchs tone, occasionally intervenes, at the contact of 
the vertical dike and intersected beds. M. Necker mentions one of 
these at the place called Prime Monte, in the A trio del Cavallo ; 
and when I examined Somma, in 1828, I saw three or four others 
in different parts of the great escarpment. These phenomena are in 
perfect harmony with the results of the experiments of Sir James 
Hall and Mr, Gregory Watt, which have shown that a glassy 
texture is the effect of sudden cooling, while, on the contrary, a 
crystalline grain is produced where fused minerals are allowed to 
consolidate slowly and tranquilly under high pressure. 

It is evident that the central portion of the lava in a fissure 
would, during consolidation, part with its heat more slowly than the 
sides, although the contrast of circumstances would not be so grent 
as when we compare the lava near the bottom and at the surface of 
a current flowing in the open air. In this case the uppermost part, 
where it has been in contact with the atmosphere, and where re- 
frigeration has been most rapid, is always found tq consist of 
scoriform, vitreous, and porous lava; while- at the greater depth the 
mass assumes a more lithoidal structure, and then becomes more and 
more stony as we descend, until at length we are ablo to recognize 
with a magnifying glass the simple minerals of which the rock is 
composed. On pciielrating still deeper, wo can deUict the con- 
stituent parts by the naked eye, and in the Vesuvian currents 
distinct crystals of augite and leucite become apparent. 

The same phenomenon, observes M, Necker, may readily be ex- 
hibited on a smaller scale, if we detach a piece of liquid lava from 
a moving current. The fragment cools instantly, and we find the 


• Phil. Trims., vol. Ixx., 1730. 
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surface covered with a vitreous coat ; while the interior, although 
extremely fine-grained, has a more stony appearance. 

It must, however, be observed, that although the lateral portions 
of the dikes are finer grained than the central, yet the vitreous 
parting layer before alluded to is rare in Vesuvius. This may, 
perhaps, bo accounted for, as the above-mentioned author suggests, 
by the great heat which the walls of a fissure may acquire before 
the fluid mass begins to consolidate, ui which case the lava, even at 
th(‘ sides, would cool very slowly. Some fissures, also, may be filled 
from above, <as frequently happens in the volcanos of the Sandwich 
Islands, according to the observations of Mr. Dana ; and in this case 
tlie refrigeration at the sides would be more rapid than when the 
melted matter flowed upwards from the volcanic foci, in an intensely 
heated state. Mr. Darwin informs me that in St. Helena almost 
ev(*ry dike has a vitreous selvage. 

The rock composing the dikes both in the modern and ancient 
part of Vesuvius is far more compact than that of ordinary lava, for 
the pressure of a column of melted matter in a fissure greatly 
exceeds that in an ordinary stream of lava ; and pressure checks 
the expansion of those gases which give rise to vesicles in lava. 

There is a tendency in almost all the Vesuviaii dikes to divide 
into horizontal prisms, a phenomenon in accordance with the form- 
ation of vertical columns in horizontal beds of lava ; for in both 
eases the divisions which give rise to the prismatic structure arc at 
right angles to the cooling surfaces. (Sec above, p. (ill.) 
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CHAPTER XXXI. 

ON THE DIFFERENT AGES OF THE VOLCANIC ROOKS — Continued. 

Volcanic rocks of the Newer Pliocene period — Val di Noto— Sicilian dikes 
Region of Olot in Catalonia — Volcanic rocks of the Older Pliocene period — 
Tuscany — Rome — Volcanic region of Olot in Catalonia — Cones and lava- 
currents — Ravines and ancient gravel-beds — Jets of air called Bufadors — Age 
of the Catalonian volcanos— Upper Miocene period — Volcanic archipelagos of 
Madeira, the Canaries, and the Azores— Lower Miocene period — Brown-coal 
of the Eifcl and contemporaneous trachytic breccias — Age of the brown- 
coal — Peculiar characters of the volcanos of the upper and lower Kifel— Lake 
Craters — Trass — Hungarian volcanos. 

VOLCANIC ROCKS OF THE NEWER PLIOCENE PERIOD. 

Val di Noto . — 1 have already alluded (sec p. 191.) to the igneous 
rocks which arc associated with a great marine formation of lltnr- 
stone, sand, and marl in the southern part of Sicily, as fit Vizzini 
and other places. In this formation, which was shown to belong to 
the Newer Pliocene period, large beds of oysters and corals repose 
upon lava, and are unaltered at the point of contact. In otlier places 
wc find dikes of igneous rock intersecting the fossiliferous beds, and 
converting the clays into siliceous schist, the larninsc being contorted 
and shivered into innumerable fragments at the junction, as near the 
town of Vizzini. 

Tlie volcanic formations of the Val di Noto usually consist of the 
most ordinary variety of basalt, with or without olivine. The rock 
is sometimes compact, often very vesicular. The vesicles are occa- 
sionally empty, both in dikes and currents, and are in some localities 
filled with calcareous spar, arragonite, and zeolites. The structure 
is, in some places, spheroidal ; in others, though rarely, columnar. 
I found dikes of amygdaloid, wackc, and prismatic basalt, inter- 
secting the limestone at the bott..m of the hollow called Gozzo degll 
Marti ri, below Melilli. 

Dikes ill Sicili /. — Dikes of vesicular and amygdaloidal lava arc 
also seen traversing marine tuff orpeperiuo, west of Palagonia, some 
of the pores of the lava being empty, while others are filled with 
'(carbonate of lime. In such cases we may suppose the peperino 
to have resulted from showers of volcanic sand and scorim, together 
with fragments of limestone, thrown out by a submarine explosion^ 
similar to that which gave rise to Graham Island in 1831. When 
the mass was, to a certain degree, consolidated, it may havo been 
rent open, so that the lava ascended through fissures, the walls of 
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which were perfectly even and parallel. After the melted matter 
that filled the rent (fig, 716.) had cooled down, it must have been 
fractured and shifted horizontally by a lateral movement. 

In the second figure (fig. 717.), the lava has more tho appearance 


Fig. 716- Fig. ri 7 . 



(>round-plan of dikes near Palagcnia. 

«. lava. 

d. iieperino, ronsisting of volranic sand, mixed with 
fragments of lava and limestone. 

of a vein, which forced its way through the peperino. It is highly 
probable that similar appearances would be seen, if we could examine 
the floor of the sea in that part of the Mediterranean where the 
waves have recently washed away the new volcanic island ; for when 
a superincumbent mass of ejected fragments has been removed by 
denudation, wo may expect to see sections of dikes traversing tuff, 
or, in other words, sections of the channels of communication by 
which the subterranean lavas reached the surface. 

Volcanic rocks of Olot in Catalonia , — Geologists are far from 
being able, as yet, to assign to each of the volcanic groups scattered 
over Europe a precise chronological place in the tertiary series ; but 
1 shall describe here, as probably referable in part to the Post-plio- 
eeiK? and in part to the Newer Pliocene period, a district of extinct 
volcanos near Olot in the North of Spain, which is little known, and 
which I visited in the summer of 1830. 

The whole extent of country occupied by volcanic products in 
f'atjilonia is not more than fifteen geographical miles from north to 
south, and about six from east to west. The vents of eruption 
range entirely within a narrow band running north and south ; and 
the branches, which are represented as extending eastward in the 
niap, arc formed simply of two lava-streams — those of Castell Follit 
and Cel lent. 

Dr. Maclure, the American geologist, was the first who made, 
known the existence of these volcanos*; and, according to his de- 
scription, the volcanic region extended over twenty square leagues, 
from Amer to Massanet. I searched in vain in the environs of Mas- 

* Mnclurc, Journ. de Phys., vol. Ixvi. p. 219., 1808 ; cited by Daubeny, De- 
scription of Volcanos, p. 24. 
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Volcanic district of Catnlonia. 


sMiict in tlio Pyrenees, for traces of a lava-current ; and I can say 
witli confidence, that the adjoining map gives a correct view of the 
true area of the volcanic action. 

Geological strvcture of the district — The eruptions have burst 
(Ml ti rely through fossiliferous rocks, composed in great part of grey 
:m(l greenish sandstone and conglomerate, with some thick bculs of 
nummulitic limestone. The conglomerate contains pebbles of quartz, 
limestone, and Lydian stone. This system of rocks is very exten- 
sively spread throughout Catalonia ; one of its members being a red 
sandstone, to which the celebrated salt-rock of Cardona, usually 
considered as the cretaec'ous era, is subordinate. 

Near Amer, in the Vfilley of the Ter, on the southern borders of 
the region delineated in the map, crystalline rocks are seen, consist- 
ing of gneiss, mica-schist, and clay-slate. They run in a line nearly 
parallel to the Pyrenees, and throw off the fossiliferous strata from 
their flanks, causing them to dip to the north and north-west. This 
dip, which is towards the Pyrenees, is connected with a distinct axis 
of elevation, and prevails through the whole area described in the 
map, the inclination of the beds being sometimes at an angle of 
between 40 and dO degrees. 

It is evident that the physical geography of the country has 
undergone no material change since the commencement of the era 
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of tlie volcanic eruptions, except such as has resulted from the 
introduction of new hills of scoriae, and currents of lava upon tjic 
.surface. If the lavas could he remelted and poured out again from 
I heir respe(;five craters, they would descend the same valleys in 
wliich they arc now seen, and re-occiipy the spaces which tlicy at 
inesent fill. The only difference in the external configuration of 
tJie fresh lavas would consist in this, tlmt they would nowhere be 
intersected by ravines, or exhibit mark^ of erosion by runnijig 
water. • 

Volcanic cones and lavas , — There are about fourteen di>tinct 
cones with craters in tliis part of Spain, besides several points 
Avhenco lavas may have issued ; all of them arranged along a narrow 
line running north and south, as will he seen in the map. The 
greatest number of perfect cones are in the immediate neighbour- 
hood of Olot, gome of which (fig. 719., Nos. 2, 3, and 5 ) are 



View uf Che Volcanxjs around Olot in Cdialuni.i. 


represented in. the annexed woodcut; and the level plain on wJiich 
that town stands has clearly been produced by the flowing down of 
many lava-streams from those hills into the bottom of a valley, 
probably once of considerable depth, like those of the surrounding 
country. 

In this drawing an attempt is made to represent, by the shading 
of the landscape, the different geological formations of whiGli the 
country is composed.* The white line of mountains (No. 1.) in the 
distance is the Pyrenees, which are to the north of the spectator, 
and consist of hypogene and ancient fossiliferous rocks. In front of 
these are the fossiliferous formations (No. 4.), which are in shade. 


This view is taken from a sketch which I made on the spot in 1830. 
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Still nearer to us the hills 2, 3, 5, sire volcanic cones, and the rest of 
the ground on which the sunshine falls is strewed over with volcanic 
sishes and lava. 

'i'he Fluvia, which flows near the town of Olot, has cut to the 
depth of only 40 feet through the lavas of the plain before mcn- 
tion(‘d. The bed of the river is hard basalt ; and at the bridge of 
Santa Madelina are seen two distinct lava-currents, one above the 
other, separated by a horizontal bed of scorice 8 feet thick. 

In one place, to the south of Olot, the even surface of the plain is 
broken by a mound of lava called the “ Bosque de Tosca,” the 
upper part of which is scoriaceous, and covered with enormous 
lieaps of fragments of basalt, more or less porous. Between the 
numerous hummocks thus formed are deep cavities, liaving the 
appearance of small craters. The whole precisely resembles sonu; 
of the modern currents of Etna, or tha^t of Come, near Clermont; the 
last of which, like the Bosque de Tosca, supports only a scanty 
vegetation. 

Most of the Catalonian volcanos arc as entire as those in the 
iieiglibourhood of Naples, or on the flanks of Etna. One of these, 
called Montsacopa (No. 3. fig. 719.), is of a very reguhir form, and 
has a circular depression or crater at the summit. It is chiefly 
made up of re<l scoriie, undistinguishable from those of the minor 
cones of Etna. The neighbouring hills of Olivet (No. 2.) and 
(iarrinada j(No. 5.) are of similar composition and shape. The 
largest crater of tlie wliolo district occurs farther to the east of 
(31ot, and is called Santa Margarita. It is 455 feet deep, and about 
a mile in circumference. Like Astroni, near Naples, it is richly 
covered ivith wood, wherein game of various kinds abounds. 

Although the volcanos of Calsilonia have broken out through 
.^‘andstoiie, shale, and limestone, as have lliose of the Eifel, in Ger- 
many, to be described in the sequel, there is a remarkable differ- 
ence in the nature of the ejections composing the cones in tlicsetwo 
regior)S. In the Eifel, the quantity of pieces of sandstone and shale 
thrown out from the vents is often so immense as fur to exceed in 
volume the seorije, pumice, and lava; but I sought in vain in the 
cones near Olot, for a single fragment of any extraneous rock ; niwl 
Don Francisco Bolos. an eminent botanist of Olot, informed me that 
he had never Ix^en able to detect any. 

Volcanic sand and ashes are confined to the cones, but have- 
been sometimes scattered by the wind over the country, and drifted 

into narrow valhjys, as is se(‘n 
between Olot and Cellent, where 
the annexed acetion (fig. 720.) is 
exposed. The light cindery vol- 
canic matter rests in thin r<j- 
gular layers, just as it alighted 
on the slope formed of the solid 
conglomerate. No flood could 
have passed through the valley 
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since the scorise fell, or these would have been for the most part 
removed. The currents of lava in Catalonia, like those of Auvergye, 
the Yivarnis, Iceland, and all mountainous countries, are of con- 
siderable depth in narrow dedles, but spread out into comparatively 
thin sheets in places where the valleys widen. If a river has flowed 
on nearly level ground, as in the great plain near Olot, tho water 
has only excavated a channel of slight depth ; but whet;e the de- 
clivity is great, the stream has cut a deep section, sometimes by 
penetrating directly through tho central part of a lava-current, but 
more frequently by passing between the lava and the secondary or 
tertiary rock which bounds the valley. Thus, in the accompanying 
section (fig. 721.), at the bridge of Cellent, six miles east of Olot, wo 
hce the lava on one side of the small stream ; while the inclined 

Fig. 721. 



Section above the bridge of Ccllent. 

< 1 . scorinceouft lava. <f. scoriae, vei^ctable soil.'aud alluvium. 

/i. schistoiie IihuhU. r. numiniiliric limestone, 

c. columnar basalt. /. tntcaceous grey sanditono. 

Ktrntified rocks constitute the channel and opposite bank. The 
upper part of the lava ut that place, as is usual in the currents of 
Etna and Vesuviu.s, is scoriaceou.s ; farther down it becomes less 
porous, and assumes a spheroidal structure ; still lower it divides in 
liorizontal plates, each about 2 inches in thickness, and is more 
compact. Lastly, at the bottom is a mass of prismatic basalt about 
feet thick. The vertical columns often rest immediately on the 
subjacent stratified rocks ; but there is sometimes uii intervention of 
sand and scorias such as cover the country during volcanic eruptions, 
and which, unless protected as here, by superincumbent lava, is 
washed away from the surface of the land. Sometimes, the bed d 
contains a few pebbles and angular fragments of rock ; in other 
places fine earth, which may have constituted an ancient vegetable 
soil. 

In several localities, beds of sand and ashes arc interposed between 
the lava and subjacent stratified rock, as may be seen if wo follow 
file course of the lava-current which descends from Las Pianos 
towards Amer, and stops two miles short of that town. Tho river 
tli<*.re lias often cut through the lava, and through 18 feet of under- 
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lying limestone. Occasionally an alluvium, several feet thick, is 
interposed between the igneous and marine formations ; and it is 
iiitcrcstiug to remark that in this, as in other beds of pebbles occu- 
pying a similar position, there are no rounded fragments of lava ; 
whereas in the most modern gravel-beds of the rivers of this country 
volcanic pebbles are abundant. 

The deepest excavation made by a river through lava, which I 
observed in this part of Spain, is seen in the bottom of a valley near 
Sun Feliu de Pallerdls, opposite the Castcll dc Stolles. The lava 
there has filled up the bottom of a valley, and a narrow ravine has 
been cut through it to the depth of 100 feet. In the lower part th(‘ 
lava has a columnar structure. A great number of ages were pro- 
bably r(*quired for the erosion of so deep a ravine ; but we have no 
reason to infer that this current is of higher antiquity than those 
of the plain near Olot. The fall of the ground, and consequent 
velocity of the stream, being in this case greater, a more considerable 
volume of rock may have been removed in the same time^ 

I shall describe one more section (fig. 722.) to elucidate the phe- 
nomena of this district. A lava-strcain, flowing from a ridge of hills 
on the east of Olot, descends a considerable slope, until it rc^achts 
the valley of the river Flu via. Here, for the first time, it conies in 
contact with running water, which has removed a portion, and laid 
open its internal structure in a precipice about 130 feet in height, 
at the edge of which stands the town of Castell Follit. 

By the junction of tin* rivers Fluvia and Teronel, the mass of lava 
has been cut away on two sides ; and the insular rock li (fig, 722.; 


Fig. 722.J 



Section at Castcll Follit. 

A. church and town of CastPlI Follit. ovcrlookinu jirecipices of basalt. 

B. small island, on each side ol which branches ot the river Teronel flow to meet the 

Fluvia. 

e. precipice of baHaltlc lava, chiefly columnar, about 130 feet in height. 
d, ancient alluvium, underlying the !«' a>curreut. 
c. Inclined strata of tandstune. 

has been left, which was probably never so high as tho cliff a, as it 
may have constituted tho lower part of the sloping side of the 
original current. 

From an examination of the vertical cliffs, it appears that the 
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iippt'r part of the lava on which the town is built is scoriaceous, 
passing downwards into a spheroidal basalt ; some of the huge 
^pheroids being no less than 6 feet in diameter. Below this is a 
more compact basalt, with crystals of olivine. There are in all five 
distinct ranges of basalt, the uppermost spheroidal, and the rest 
prismatic, s(‘parated by thinner beds not columnar, and some of 
which are schistose. These were probably formed by successive 
flows of lava, whether during the same eruption or at different 
periods. The whole mass rests on alluvium, 10 or 12 feet in thick- 
ness, composed of pebbles of limestone and quart/, but without any 
intermixture of igneous rocks ; in which circumstance alone it 
appears to differ from the modern gravel of the Fluvia. 

Bujadors . — The volcanic rocks near Olot have often a cavernous 
^trllcture, like some of the lavas of Ktna ; and in many parts of the 
Jiill of Batet, in the environs of the town, the sound returned by the 
rarth, when struck, is like that of an archway. At the base of the 
same hill are the mouths of several subterranean caverns, about 
twelve in number, called in the country “bufadors,” from which a 
current of cold air issues during summer, but in winter it is said to 
be scarcely perceptible. I visited one of these bufadors in the 
beginning of August, 1830, when the heat of the season was un- 
usually intense, and found a cold wind blowing from it, which may 
easily be explained ; for as the external air, when rarefied by heat 
ascends, the pressure of the colder and heavier air of the caverns 
in the interior of the mountain causes it to rush out to supply its 
place. 

In regard to the age of thc.se Spanish volcanos, attempts have 
been made to prove, that in this country, as well as in Auvergne 
and the Kiiel, the earliest inhabitants were eye-witnesses to the 
volcanic action. Jn the year 1421, it is sJiid, when Olot was de- 
stroyed by an earthquake, an eruption broke out near Amer, and 
consumed the town. The researches of Don Francisco Bolos have, 

1 think, shown, in the most satisfactory manner, that there is no 
good historical foundation for the latter part of this story ; and any 
geologist who has visited Amer must be convinced that there never 
was any eruption on that spot. It is true that in the year above 
mentioned, the \vhole of Olot, with the exception of a single house, 
was^ cast down by an earthquake ; one of those shocks whi(!h, at 
distant intervals during the last five centuries, have shaken the 
Pyrenees, and particularly the country between Perpignan and Olot, 
where the movements, at the period alluded to, were most violent. 

The annihilatipn of the town may, perhaps, have been due to the 
cavernous nature of the subjacent rocks ; for Catalonia is beyond the 
line of those European earthquakes which have, within the period of 
Jiistory, destroyed towns throughout extensive areas. 

As wte have no historical records, then, to guide us in regard to the 
extinct volcanos, we must appeal to geological monuments. The an- 
nexed diagram (fig. 723.) will present to the reader, in a synoptical 
form, the results obtained from numerous sections. 
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Supcrpoiition of rooks In the volcanic district of Catalonia. 
a sandstone and niimmiilitic limestone. 

A. older alluvium without volcanic pebbles. 

c. cones of scoriae and lava. d. Newer alluvium. 


The more modern alluvium (f/) is partial, and has been formed 
by the action of rivers and Hoods upon the lava ; whereas the older 
f^ravel (b) was strewed over the country before the volcanic eruptions. 
In neither have any organic remains been discovered ; so that we can 
merely adirm as yet, that the volcanos broke out after the elevation 
of some of the newest rocks of the nummulitic (Eocene) series of 
Catalonia, and before the formation of an alluvium (d) of unknown 
date. The integrity of the cones merely shows that the country 
has not been agitated by violent earthquakes, or subjected to the 
action of any great flood since their origin. 

East of Olot, on the Catalonian coast, marine tertiary strata occur, 
which, near Barcelona, attain the height of about 500 feet. From 
the shells which I collected, these strata appear to correspond in 
age with the Subapenninc beds ; and it is not improbable that their 
upheaval from beneath the sea took place during the period of 
volcanic eruption round Olot. In that case tfiesci (?ruptions may 
hav(i occurred partly during the Newer Plioceue, and partly during 
the I’ost-pliocene period, but their exact age is at present un- 
certain. 

0/der Pliocene period. — Italy . — In Tuscany, aJ5 at Radicofani, 
Vilerbo, and Aquapendente, and in the Campagna di Koma, sub- 
marine volcanic tuffs are interstratified w'ith the Older Pliocene 
strata of the Suhapennine hills in such a manner as to leave no 
doubt that they were the products of eruptions wdiich occurred 
when the shelly marls and sands of the Suhapennine hills were in 
the course of deposition. This opinion I expressed* after my visit 
to Italy in 1828, and it has recent!/ (1850) been confirmed by the 
argument? adduced by Sir R. Murchison in favour of the submarine 
origin of the earlier volcanic rocks of Italy.f These rocks are well 
known to rest conformably on* the Subapenninc marls, even as far 
south as Monte Mario In the suburbs of Romo. On the exact age 
of the deposits of Monte Mario new light has recently been thrown 
by a careful study of their marine fo.ssil shells, undertaken by MM. 
Rayneval, Vanden ITccke, and Ponzi. They have compared no 

* See 1st edit, of Principles of Geo- and former edits, of this work, chap. xxxi. 
Ipg7, vol. iii. chaps, xui. andxiv., 1833; f Gcol. Quart. Journ., vol. vi. p. 281. 
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less than 160 species* with the shells of the Coralline Crag of 
Suffolk, so well described by Mr. Searles Wood ; and the specific 
agreement between the British and Italian fossils is so great, if we 
make due allowance for geographical distance and the difference of 
latitude, that we can have little hesitation in referring both to the 
same period or to the Older Pliocene of this work. It is highly 
probable that, between the oldest trachytes of Tuscany and the 
newest rocks in the neighbourhood of Naples, a series of volcanic 
products might be detected of every age from the Older Pliocene to 
the historical epoch. 

VOLCANIC ROCKS OF THE TXri’KR MIOCENE PERIOD. 

Madeira and Porto Santo, — When treating generally of the 
origin and structure of volcanic mountains, I have described (p. 639.) 
at some length the volcanic tuffs and other igneous rocks of Tertiary 
and Post-tertiary date in the island of Madeira. Among the sub- 
marine deposits, it was stated that some were as old as the Upper 
Miocene period, as shown by the fossil shells included in the tuffs 
which have been upraised at San Vicente in the northern part of 
the island to the height of 1300 feet above the level of the sea. A 
similar formation constitutes the fundamental portion of the neigh- 
bouring island of Porto Santo, forty miles distant from Madeira. 
The marine beds arc there elevated to an equal height, and covered, 
as in Madeira, with lavas of supra-marinc origin. 

The largest number of fossils have been collected from tuffs 
and conglomerates and some beds of limestone in the island of 
llaixo, off the southern extremity of Porto Santo. They amount 
in this single locality to more than sixty in number, of which about 
fifty arc mollusca, many of them in the state of casts only. 

Some of the shells probably lived on the spot in the intervals 
hotw'cen eruptions ; some may have been cast up into the 'water 
or air together with muddy ejections, and, falling down again, were 
(b'posited on the bottom of the sea. The hollows in some fragments 
of vesicular lava, entering into the composition of the breccias and 
conglomerates, are pariially filled with calc-sinter, being thus halt 
converted into ainygdaloids. 

Amonjr the fossil shells common to Madeira and Porto Santo, 
large cones, strombs, and cowries are conspicuous among the uni- 
valves, and CardinW; Spondylus^ JJthodomns among the lamelli- 
brancliiate bivalves. Among the Eehinoderms the large Clypeaster, 
C. altus, an extinct European Miocene fossil, is seen. 

"J'he largest list of fossils has been published by M. Karl Meyer, 
in TIartung’s “ Madeira but in the collection made by myself, and in 
a still larger one formed by Mr. J. Yate Johnson, several remarkable 
forms not in Meyer’s list occur, as, for example, Pholadomya^ and a 
large Terebra. Mr. Johnson also found a fine specimen of Nautilus 

^ Catalogue Ues Eossilos dc Monte Mario, Rome, 1854. 
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i^Atrurui) zigzag, a well-known Falunian fossil of Europe ; and in 
tlie same volcanic tuff of i3aixo, the Echinoderm Brissus ScilUe, a 
living Mediterranean species, found fossil in the Miocene strata of 
Malta. M. Meyer identifies one-third of the Madeira shells with 
known European Miocene (or Falunian) forms. The huge Strombus 
of San Vicente and Porto Santo, S. Italicus, is an extinct shell 
of the Subapenninc or Older Pliocene formations. 

The mollusca already obtained from various localities of Madeira 
and Porto Santo are not less than one hundred in number, and, 
according to Dr. S. P. Woodward, rather more than a third are of 
species still living, but many of these are not now inhabitants of the 
neighbouring sea. 

ft has been remarked (p. 211.) that in the Older Pliocene and 
Upper Miocene deposits of Europe, many forms occur of a more 
southern aspect than those now inhabiting the nearest sea. In like 
manner the fossil corals, or Zoantharia, six in number, which I ob- 
tained from Madeira, of the genera Sarcinula, Hydnophora, 

ha,, were pronounced by Mr. Lonsdale to be forms foreign to the 
adjacent coasts, and to agree with those of more tropical latitudes 
and parts of the Red Sea. So the Miocene shells of the Madeiras 
seem to belong to the fauna of a sea warmer than that now sepa- 
rating Madeira from the nearest part of the African coast. Wc 
learn, indeed, from the observations made in 1859, by the Rev. R. 
T. Lowe, that more than one-half, or fifty-throe in ninety, of the 
marine mollusks collected by him from the sandy beach of Mogador 
arc common British species, although Mogador is 18^ degrees south 
of the nearest shores of England. The living shells of Madeira and 
Porto Santo are in like manner those of a temperate climate, although 
in great part differing specifically from those of Mogador.* 

Grand Canary. — In tin* Canaries, especially in the Grand Canary, 
the same inarirn! Upper Miocene formation is found. Stratified 
tuffs, with intercalated conglomerates and lavas, arc there seen in 
nearly horizontal layers in sea-cliffs about 300 feet high, near Las 
Palmas. M. llartung and I were unable to find marine shells in 
these tuffs at a greater elevation than 400 feet above tho sea; but 
as the deposit to which they belong reaches to the height of 1100 
leet or more in the interior, we conceive that an upheaval of at 
least that amount has taken place. The CIgpeaster alias, Spon- 
dylus geederopus, Fectunculus pdosus, Cardita calyculata, and 
several other shells, serve to identify this formation with that ol 
the Madeiras, and AnciUaria glandiformis, which is not rare, and 
some other fossils, remind us of the faliins of Touraine. 

The sixty-two Miocene species which I collected in the Grand 
Canary are referred, by Dr. S. P. Woodward, to forty -seven genera, 
ten of which are no longer represented in the neighbouring sea, 
namely, Corhis, an African form, Hinnites, now living in Oregon. 
Thecidium ( T, Mediterraneum, identical with tho Miocene fossil ol 


* Linncaii Proceedings; Zoology, 1860. 
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St. Juvat, in Brittany), Calyptrrea, Hipponyx^ Nerita^ Erato^ Oliva^ 
Ancillaria, and Fasciolaria. 

These tuffs of the southern shores of the Grand Canary, con- 
taining the Upper Miocene shells, appear to be about the same age as 
the most ancient volcanic rocks of the island, composed of slaty 
diabase, phonolite, and trachyte. Over the marine lavas and tuffs 
trachytic and basaltic ])roducts of sub-aerial volcanic origin, between 
4000 and 5000 feet in thickness, have been piled, the central parts 
of the Grand Canary reaching the heights of about 60(K) feet above 
the level of the sea. Some lavas liave a very fresh aspect, and 
have been poured out since the time when the valleys were already 
(‘xcavated to within a few feet of their present depth. They must 
he very modern, geologically speaking, hut being anterior to the 
I'^uropean colonization of the Grand Canary, their date is unknown. 

A raised beach occurs at <San Catalina, about a quarter of a mile 
iiortli of Las Palmas, which is situated in the north-eastern part of 
tlie island. It intervenes between the base of the high cliff formed 
of the tuffs with Miocene shells and the sea-shore. From this 
beach, elevated twenty-five feet above high-water mark, and at a 
distance of about 150 feet from the shore, I obtained, with the 
assistance of Don Pedro Maffiotte, more than fifty species of living 
marine shells. Many of them, according to Dr. S. P. Woodward, 
are no longer inhabitants of the contiguous sea, as, for example, 
Strornfms buhoniuSy which is still living on the West Coast of Africa, 
and Ccrithium procerum, found at Mozambique ; others are Medi- 
terranemn species, asPcc^cw Jacohcpus and P.poh/morphvs, Some of 
these testacca, such as Cardlta squamosa, are inhabitants of deep 
water, and the deposit on the whole seems to indicate a depth of 
water exceeding a hundred feet. 

Azores. — In the island of St. Mary’s, one of the Azores, marine 
fossil shells have long been known. They are found in the north- 
cast coast in a small projecting promontory called Ponta do Papa- 
gait) (or Point-Parrot), chiefly in a limestone about 20 feet thick, 
which rests upon, and is again covered by, basaltic lavas, scoriae, 
and conglomerates. The pebbles in the conglomerate are cemented 
together with carbonate of lime. 

M. Ifartung, in bis Jiccount of the Azores, published in 1860, 
describes twenty-three shells from St. Mary’s*, of wdiich eight per- 
haps are identical with living species, and twelve are witli more or 
less certainty referred to Kuro[>eaii Tertiary forms, chiefly Upper 
Mioeem?. One of the most characteristic and abundant of the new 
species, Cnrdium Uartungi, not known as fossil in Europe, is very 
common in Porto Santo and Baixo, and serves to connect the Miocene 
fauna of the Azores and the Madeiras. 

It appears from what has been said in the twenty-ninth and in the 
present chapter, that the volcauic eruptions of Madeira, the Canaries, 

* Ilftrtiing, Die Azoren, 1860 ; also Inscl Gran Canaria, Madeira und Porto 
Santo, 18G4, Leipsig. 
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and the Azores, commenced in the Upper Miocene period, and con- 
tinued down to Post-pliocene times : in some islands of the Canarian 
and Azorian groups, the volcanic fires are not yet extinct, as the re- 
corded eruptions of Lanzerote, Teneriffe, Palma, St. Michael’s^ and 
others attest. 

Ill each of the three archipelagos there are proofs of Miocene 
submarine formations having been gradually uplifted during the out- 
pouring of successive lavas, in the same manner as the Pliocene 
marine strata of the oldest parts of Vesuvius and Etna have been 
upraised during eruptions of Post-tertiary date. In the Grand 
Canary, in Teneriffe, and in Porto Santo, I observed raised beaches, 
showing that movements of elevation have in each of them been 
continued down to the Post-tertiary period. 

LOWER MIOCENE VOLCANIC ROCKS. 

The EifeL — A large portion of the volcanic rocks of the Lower 
Rhine and the Eifel are coeval with the Lower Miocene deposits to 
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Map of the volcanic region of the Upper and Lower Eifel. 
1 2 3 4 & Eiigliah Milea. 


. of the Lower Eifel. 


I Points of eruption, with cratera and 


jg^-rE| Drown-coaL 

N. B. The country in that part of the man which is left blank is composed of inclined Silurian 
and Deyonian rocks. 
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which most of the “ Brown-Coal ” of Germany belongs. The Ter- 
tiary strata of that ago are seen on both sides of the lihine, in the 
neighbourhood of Bonn, resting unconformably on highly inelincd 
and vertical strata of Silurian and Devonian rocks. Its geographical 
])osition, and the space occupied by the volcanic rocks, both of the 
Wester wald and Eifel, will be seen by referring to the map (fig. 
724.), for which I am indebted to the late Mr. Horner, whose resi- 
dence for some years in the country enabled him to verify the maps 
of MM.Noeggerathand Von Oeynhausen, from which that now given 
has been principally compiled.* 

The Brown-Coal formation of that region consists of beds of loose 
sand, sandstone, and conglomerate, clay with nodules of clay-iron- 
stone, and occasionally si lex. Layers of light brown and sometimes 
black lignite are iuterstratified with the clays and sands, and often 
irregularly diffused through them. They contain numerous impres- 
sions of leaves and stems of trees, and are extensively worked for 
fuel, whence the name of the formation. 

In several places, layers of trachytic tuff are interstrati fied, and in 
these tuffs are leaves of plants identical with those found in the 
brown-coal, showing that, during the period of the accumulation of 
the latter, some volcanic products were ejected. 

M. Von Dechen, in his work on the Siebengebirgo *, has given a 
copious list of the animal and vegetable remains of the freshwater 
strata associated with the brown-coal. Plants of the genera FlabeU 
Inria, Ceanothm^ and DaphnogenCy including D. cinnamomifolia 
(fig. 204., p. 262.), occur in these beds, with nearly 150 other plants. 

'riie fishes of the brown-coal near Bonn are found in a bituminous 
shale, called paper-coal, from being divisible into extremely thin 
leaves. The individuals arc very numerous ; but they appear to 
belong to a small number of species, some of which were referred by 
Agassiz to the genera Leuciscus^ Aspius, and Perea. The remains of 
frogs also, of extinct species, have been discovered in the paper-coal; 
and a complete series may be seen in the museum at Bonn, from the 
most imperfect state of the tadpole to that of the full-grown animal. 
With these a salamander, scarcely distinguishable from the recent 
species, has been found, and the remains of many insects. 

A vast deposit of gravel, chiefly composed of pebbles of white 
quartz, but containing also a few fragments of other rocks, lies over 
the brown-coal, forming sometimes only a thin covering, at others 
attaining a thickness of more than 100 feet. This gravel is very 
distinct in character from tlnit now forming tho bed of the Rhine. 

It is called “ Kiesel-gerolle ” by tho Germans, often reaches great 
elevations, and is covered in several places with volcanic ejections. 
It is evident that the country has undergone great changes in its 
physical geography since this gravel was formed ; for its position 
lias scarcely any relation to the existing drainage, and tho great 

• Honicr, Trans, of Geol. Soc., Second Series, vol. v. 

t Gcognost. Bcsclireib. dcs Siebengebirges am Kliein. Bono, 1852. 
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valley of the Rhine and all the more modern volcanic rocks of the 
same region arc posterior to it in date. 

Some of the newest beds of volcanic sand, pumice, and scoriae are 
interstratified near Andernach and elsewhere with the loam called 
loess, which was before descrilied as being full of land and freshwater 
slndla of recent species, and referable to the Post-pliocene period. 
Hut this intercalation of volcanic matter between beds of loess may 
possibly be exfdairicd without supposing the last eruptions of the 
Jjower Eifel to have taken place so recently as the era of the depo- 
sition of the loess. 

The igneous rocks of the Wcsterwald, and of the mountains oallod 
the Siebeiigcbirge, consist partly of basaltic and partly of trachytic 
lavas, the latter being in general the more ancient of the two. Then; 
are many varieties of trachyte, some of which are highly crystalline, 
resembling a coarse-grained granite, with large separate crystals of 
felspar. Trachytic tuff is also very abundant. These formations, 
some of which were certainly contemporaneous with the origin of 
the brown-coal, were the first of a long series of eruptions, the 
more recent of which happened when the country had acquired 
nearly all its present geographical features. 

Newer volcanoR of the EifeL — Lahe-craters ^ — As T recognized 
in the more modern volcanos of the Eifel characters distinct from 
any previously observed by me in those of France, Italy, or Spain, I 
shall briefly describe them. The fundamental rocks of the district 
are grey and red sandstones and shales, with some associated lime- 
stones, replete with fossils of the Devonian or Old Red Sandstone 
group. The volcanos broke out in the midst of these inclined strata, 
and when the present systems of hills and valleys had already been 
formed. The eruptions occurred sometimes at the bottom of deej) 
valleys, sometimes on the summit of hills, and frequently on inter- 
vening platforms. In travelling through this district we often fall 
upon them most unexpectedly, and may find ourselves on the very 
edge of a crater before wo had been led to suspect that we were 
approaching the site of any igneous outburst. Thus, for example, 
on arriving at the village of Gemuiid, immediately south of Daun, 
we leave the stream, which flows at the bottom of a deep valley in 
which strata of sandstone and shale crop out. Wo tlien climb a 
steep hill, on the surface of which we see the edges of the same 
strata dipping inwards towards the mountain. When we have 
ascended to a considerable lieight, we see fragments of scorim spar- 
ingly scattered over the surface ; until, at length, on reaching the 
summit, we find ourselves suddenly on the edge of a tarn^ or deep 
circular lake-basin (see fig. 725.). 

This, which is called the G miundcr Maar, is one of three lakes 
which are in immediate contact, the same ridge forming the barrier 
of two neighbouring cavities. On viewing tKe first of these (fig. 725.), 
we recognize the ordinary form of a crater, for which we have been 
prepared by the occurrence of scorim scattered over the surface of 
the soil. But on examining the walls of the crater we find precipices 
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Fig. 725. 




of sandstone and shale which exhibit no signs of the action of heat ; 
niid we look in vain for those beds of lava and scoriaj, dipping out- 
wards on every side, which wo have been accustomed to consider as 
fliaracteristic of volcanic vents. As we proceed, however, to the 
opposite side of the lake, and afterwards visit the craters c and d 
(Hg. 726.), we find a considerable qu.antity of scoriro and some lava, 
and see the whole surface of the soil sparkling with volcanic sand, 
and strewed with ejected fragments of half-fused shale, which pre- 
serves its laminated texture in the interior, while it has a vitrified 
or scoriform coating. 

A few miles to Hie south .of the lakes above mentioned occurs the 
Pidvernuiar of Gilleiifeld, an oval lake of very regular form, and 
suiTouiidcd by an unbroken ridge of fr.ngmentary materials consist- 
ing of ejected shale and sandstone, and preserving a uniform height 
of about 150 feet above the water. The slope in the interior is at 
an angle of about 45 degrees ; on the exterior, of 35 degrees. Vol- 
canic substances are intermixed very sparingly with the ejections, 
which in this place entirely conceal from view the stratified rocks of 
tlio country.* 

The Meerfeldcr Maar is a cavity of far greater size and depth, 
hollowed out of similar strata ; the sides presenting some abrupt 
sf'clions of inclined secondary rocks, which in other places are buried 
under vast heaps of pulverized shale. I could discover no scorim 
amongst the ejected materials, but b.alls of olivine and other volcanic 
substances are mentionefcs having been found. -f This cavity, wliich 
we must suppose to hav^ischarged an immense volume of gas, is 

* ScTope, Edin. Journ. of Science, t Ilihbcrr, Extinct Volcanos of the 
June, U2G, p. 145. Rhine, p. 24. 
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Dearly a mile in diameter, and is said to be more than one hundred 
fathoms deep. In thp neighbourhood is a inountAin csilled the Mosen- 
berg, Avhicli consists of red sandstone and shale in its lower parts, 
but supports on its summit a triple volcanic cone, while a distinct 
current of lava is seen descending the flanks of the mountain. The 
edge of the crater of the largest cone reminded me much of the form 
and characters of that of V(?suvius ; but I was much struck with the 
j)recipitous and almost overhanging wall or parapet which the scoriaj 
presented towards the exterior, as at a i (fig. 727.) ; which I can 


Fig. 727. 



only explain by supposing that fragments of red-hot lava, as they 
fell round the vent, were cemented together into one compact mass, 
in consequence of continuing to be in a half-melted stale. 

If w(j pass from the Upper to the Lower J^fel, from a to b (see 
Map, ]). 670.), we find the celebrated lake-crater of Laach, which 1ms 
a greater resemblance than any of those before mentioned to the 
Lago di Bolsena, and others in Italy, being surrounded by a ridge 
of gently sloping hills, composed of loose tuffs, scoriae, and blocks of 
a variety of lavas. 

Oik* of tlie most interesting volcanos on the left bank of the Rhine 
ncai* Bonn is called the Roderberg. It forms a circular crater nearly 
a quarter of a mile in diameter, and 100 feet deep, now covered with 
lields of corn. The highly inclined stralta of aiieicrit sandstone and 
shale rise even to the rim of one side of the crater ; but they are 
overspread by quartzose gravel, and this again is covered by volcanic 
scoriae and tufaceous sand. The opposite wall of the crater is com- 
posed of cinders and scorified rock, like that at the summit of Vesu- 
vius. It is quite evident that the erupOon in this case burst tlirough 
the sandstone and alluvium which imnn*diately overlies it ; and I 
observed some of the quartz pebbles mixed with scoria) on the 
flanks of the mountain, as if they had been cast up into the air, sind 
had fallen again with tlie volcanic ashes. I have already observed, 
that a large part of this crater has been filled up with the loess. 

The most striking peculiarity of a grcnit many of tlie craters above 
described, is the absence of any signs of alteration or torrefaction in 
their walls, when these are composed of regular strata of aucient 
sandstone and shale. It is evident that tlliP summits of hills formed 
of the above-mentioned stratified rocks liavc, in some eases, been 
carried away by gaseous explosions, while at the same time no lava, 
and often a very small quantity only ofscorim, has escaped from the 
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newly formed cavity. There is, indeed, no fea^re in the Eifel vol- 
canos more worthy of note, than tlie proofs 0hey afford of very 
copious aiiriform discharges, unaccompanied by the pouring out of 
melted matter, except, here and there, in very insignificant volume. 
1 know of no otlier extinct volcanos where gaseous cxplo.'^ions of such 
magnitude have been attended by the emission of so small a quantity 
of lava. Yet I looked in vain in the Eifel for any appearances 
which could lend support to the hypothesis, that the sudden rushing 
out of such enormous volumes of gas had ever lifted up the stratified 
rocks immediately JiTound tlie vent, so as to f.im conical masses, 
having their strata dipping outwards on all sides from a central axis, 
ns is assumed in the theory of elevation craters, alluded to in Chap. 
XXIX. 

Trass , — In the Lower Eifel, eruptions of trachytic lava ])rccedcd 
tlie emission of currents of basalt, and immense quantities of pumice 
were thrown out wliorcver trachyte is.su ed. The tufaceous alluvium 
culled trass, which has covered largo areas in this region and clicked 
up some valleys now partially re-excavated, is unstratified. Its base 
consists almost entiredy of pumice, in which are included fragments 
of basalt and otlier lavas, pieces of burnt shale, slate, and sandstone, 
and numerous trunks and branches of trees. If, as is probable, this 
trass wfis formed during the period of volcanic erujitions, it may have 
originated in tlie manner of the moya of the Andes. 

We may easily conceive that a similar mass' might now lie pro- 
duced, if a copious evolution of gases should occur in one of the lake- 
husiiis. The water might remain for waa'ks in a state of violent 
ebullition, until it became of tlie consistency of mud, just as the sea 
continued to be charged with red mud round Graham’s Island, in the 
MiMliterranean, in the yi'ar 1831. If a breach should then bo made 
in tlie side of the cone, th<; flood would sweep away great heaps of 
('j(»cte(l fragments of shale and sandstone, which would be borne 
ilowji into the adjoining valleys. Forests might be torn ii]) by such 
a flood, and thus the occiirivncc of tlie numerous trunks of trees dis- 
persed irregularly through the trass, can be explained. 

The manner in which this trass conforms to the shape of the 
present valleys implies it.s comparatively modern origin, probably 
not dating furtlier baek than the Post-pliocene^ or, at fart]i(‘st, 
the Newer JMioceno period. Of like modern dale are numerous 
])('! feet cones of scorim and some streams of lava wliieli occur in the 
JOifel, as, for example, the small cones with craters near Andi*niricli, 
on tlic left bank of the Rhine, and the columnar lava of Jhu-tricli- 
lladen, between Treves and Coblentz, of whicli I have given a figure 
at p. ()12. 

Hungary. — M. Beudant, in his elaborate work on ITnngary, de- 
scribes five distinct grojaps of volcanic rocks, which, although no- 
wlicre of great extent, form striking features in tlie physical geo- 
graphy of that country, rising as they do abruptly from extensive 
plains composed of tertiary sfrat-i. Tliey may have constituted 
islands in the ancient sea, as SaiPoriu and Milo now do in the Gre- 
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cian Archipelago ; and M. Beudant has remarked that the mineral 
jiroducts of the last^cntioncd islands resemble remarkably those of 
the Hungarian extinct volcajios, where many of the same minerals, 
as opal, caicedony, resinous silex {silex Tesinite)^ pearlite, obsidian, 
and jiitch stone abound. 

TJie Hungarian lavas arc chiefly fels])atliic, consisting of different 
varieties of trachyte ; many are cellular, and used as millstones ; 
some so porous and even scoriform as to resemble those which have 
issued in the open air. Pumice occurs in great quantity ; and there 
are conglomerates, or rather breccias, wherein fragments of trachyte 
are bound together by pumiccous tuff, or sometimes by silex. 

It is probable that these rocks were permeated by the waters of 
hot springs, impregnated, like the Geysers, with silica; or, in some 
instances, perhaps by aqueous vapours, which, like those of Lance- 
rote, may have precipitated hydrate of silica. 

By the influence of such springs or vapours the trunks and 
branches of trees washed down during floods, and buried in tuffs on 
the flanks of the mountains, are supposed to have become silicified. 
It is scarcely possible, says M. Beudant, to dig into any of Iho 
pumiceous dejmsits of these mountains without meeting with oj»{ilized 
wood, and sometimes entiro silicified trunks of trees of great size 
and weight. 

It appears from the species of shells collected principally by M, 
Boue, and examined by M. Dcahayes, that the fossil remains em- 
bedded in tlie volcanic tuffs, and in strata alternating with them in 
Hungary, are of the Miocene typ(‘, and not identical, as was formerly 
supposed, with the fossils of the Paris basin. 
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CHAPTER XXXIL 

ON THE DlFFEllENT AGES OP THE VOLCANIC ROCKS — Continued. 

Volcanic rocks of the Tertiary period, continued —Extinct volcanos of Auvergne — 
IMont Dor — Breccias and alluviums of Mont Perrier, with bones of quadrupeds 
- — lliver datiimcd up by lava-current — Ranjje of minor cones from Auvergne to 
the Vivarais — Monts Dome — Puy de Come — Puy dc Pariou —Cones not de- 
nuded by general flood — Lower Miocene volcanic rocks near Clermont — Hill of 
Gorgovia — Eocene volciinic rocks of Monte Bolea — Trap of Cretaceous period 
— Oolitic period — New Red Sandstone period — Carboniferous ])eriod — “]{ock 
and Sj)iiidle” near St. Andrew’s — Old Red Sandstone period— Silurian period 
“ Cambrian period- -Laurentian volcanic rocks. 

Volcanic Rnc/is of Auvergne . — The extinct volcanos of Auvergne 
and Cantal in Central France, seem to have commencc'd their erup- 
tions in the Lower Miocene period, hut to have been most active 
during the Upper Miocene and Pliocene eras. I have already 
alluded to the grand succ.cssion of events, of which there is evidence 
in Auvergne since the last retreat of tJie sea (see p. 226.). 

The earliest monuments of the tertiary period in that region are 
lacustrine deposits of great thickness (2. lig. 728. p, 079.), in the 
lowest congloiiierates of which are rounded pebbles of quartz, mica- 
schist, granite, and other non-volcaiiic rocks, without the slightest 
iiiterniixturc of igneous products. To these conglomerates succeed 
argillaceous and calcareous marls and limestones (3. fig. 728.), con- 
taining Lower l^liocene shells and hones of mammalia, the higher 
beds of which sometimes alternate with volcanic tuff ol‘ contempo- 
raneous origin. After tlic filling up or drainage of the ancient 
lakes, huge piles of trachytic and basaltic rocks, with volcanic 
breccias, accumulated to a thickness of several thousand feet, and 
were sui)eriniposed upon granite, or the contiguous lacustrine 
strata. The greater portion of these igneous rocks aj)pear to have 
originated during the Upper Miocene and Pliocene periods; and 
extinct quadrupeds of tliosc eras, belonging to the genera Mastodon, 
Rhinoceros, and others, were buried in ashes and beds of alluvisil 
sand and gravel, which owe their preservation to overspreading 
she(‘ts of lava. 

In Auvergne, the most ancient and conspicuou.s of tlic volcanic 
masses is Mont Dor, which rest.s immediately on the granitic rocks 
standing apart from the freshwater strata.* This great mountain 


* See the Map, p. 191. 



678 


TERTIARY VOLCANIC ROCKS. [Cn. XXXIT. 

rises suddenly to tlie lieight of several thousand feet above the sur- 
rounding platform, and retains the shape of a flattened and somewhat 
irregular cone, all the sides sloping more or less rapidly, until their 
inclination is gradually lost in the high plain around. This cone is 
composed of layers of scoriae, pumice-stones, and their fine detritus, 
witlj inter j)osed beds of trachyte and basalt, which descend often in 
uninterrupted sheets until they reach and spread themselves round 
the base of the mountain.* Conglomerates, also, composed of angu- 
lar and rounded fragments of igneous rocks, are observed to alter- 
nate with the above ; and the various masses are secip to dip off* 
from the central axis, and to lie parallel to the sloping flanks of the 
mountain. 

The summit of Mont Dor terminates in seven or eight rocky peaks, 
where no regular crater can now be traced, but where we may easily 
imagine one to have existed, which may have been shattered by 
eartli(|uakes, and have suffered degradation by aqueous agents. Ori- 
ginally, perhaps, like the higest crater of b^tna, it may have formed 
an insignificant feature in the great pile, and may frequently have 
been dest?‘oycd and renovated. 

According to some geologists, this mountain, as well as Vesuvius, 
Kfna, and all large volcanos, has derived its donie-like form not 
from the pre])ond(‘ranco of eruptions from on(» or more central 
points, hut from the uplieaval of horizontal beds of lava and scoriie. 
I have explained my reasons for ohjeeting to this view in (-hap. 
XXIX., Avhen speaking of Palma, and in the “ l*rinci|)les of Geo- 
logy.’ f Tlie average inclination of the doino-sha[)ed mass of Mont 
Dor is <S® 6 \ whereas in iMouiils Loa and Kea, before mentioned, in 
tlio Sandwich T.shiiids (sec fig. 693. p. 617. )> ikc flanks of wliich 
liave been raisc^d by recent lavas, we find from Mr. Dana’s descrip- 
tion that the one lias a slope of 6*^ 30', the other of 7° 46'. There is 
tlicreforc no reason whatev(*r for imagining, as some have sn])|)osed, 
that the basaltic currents of the ancient French volcano were at 
first more horizontal than they are now. Nevertheless it is possible 
that during the long s(‘ries of eruptions required to give rise to so 
vast a pile of volcanic matter, which is thickest at the summit or 
c(‘ntrc of the dome, some dislocation and uph(*aval look place ; and 
during the distension of the mass, beds of lava {ind scorim may, in 
some plae(‘s, liavc acquired a greater, in others a less inclination, than 
that which at first belojigcd to the. .. 

Tvcspecting the age of the great mass of Mont Dor, we cannot come 
at y>resent to any positive decision, because no organic remains have 
yet been found in the tuffs, exce])t im})ressions of the leaves of trees 
of species not yet determined We may confidently assume that the 
earliest eruptions were posterior in origin to tliose grits and con- 
glomerates of the freshwater formation of the Limagne which con- 
tain no pebbles of volcanic rocks ; while, on the other hand, some 

* Scro])e*s Central France, p. 08. 

t iSce chaps, xxiv., xxv., and xxvi., 7th, 8th, and 0th editions. 
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cruptioTifl took place before the great lakes were drained, and others 
occurred after the desiccation of those lakes, and when deep valleys 
had already been excavated through freshwater strata. 


Fig. 728. 

Mont rerriPT. 



Section from the valley of the Coiue at Nechers, through Mont Perrier and Issolre, to the Valley 
the Allier and the Tour de Buulude, Auvergne. ’ ^ 


10. T^ava-current of Tartaret near its tertnnia- 6. Lower honc-bed of Perrier, ochreous sand 
tion at Nechers. and gravel. 

9. aoiu-bed, red sandy 4iiy under the lava of 4/i. HasaUic dike. 

Taruret. 4, ]|.i<.altic plattorm. 

H. Bone-bed ofthc Tour fie Boulado. 3. Upper freshwater beds, limestone, marl. 

7. Alliivinrn newer than No. fi. gypsum, \c. 

(i. Alhivinin with bones nt hippopotamus. 2 . I.ower freshwater formation, red clay greeu 
•'‘ir. Traehytic breeoia resembling 5/1, sand, &c. 

bh. Upper bnne.bed of Pel Tier, gravel, Ac. 1. Granite. 

5 a, Purnieeoiis lireccia and cnnglfinierate, angu- 
lar musses of trachyte, quartz, pebbles, .\c. 


Ill llic above section I have endeavoured to exfdain the geological 
structure of a portion of Auvergne, which I rc-exaiiiiiicd in 1843.* 
It may convey some idea to the reader of the long and complicated 
scries of events which have occurred in tliat country, since tlie first 
lacustrine strata (No. 2.) were deposited oli the granite (No. 1.). 
Tlie changes of which we have evidence are tlie more striking, bc' 
cause they imidy great denudation, without tluTc being any proofs 
of tlie intervention of the s(3a during the whole period. It >vill bi‘ 
s('(oi that lh(* np[»er freshwater beds (No. 3.), once formed in a lake, 
must liave suffered great destruction before tlie excavation of tlie 
valleys of the Coiize and Allier liad begun. In these fresli water 
IhmIs, Lower Miocene fossils, as d(;scribed in Chap, XV., have been 
found. The basaltic dike, 4', is one of many examples of the .intru- 
sion of volcanic matter through the ancient fri*sli water beds, and 
may have been of Miocene or Pliocene date, giving rise, when it 
reached the surface and overflowed, to such ])hitforins of basalt os 
often cap the tertiary hills in Auvergne, and one of which (4) is seen 
on Mont P(*rricr. 

It not inifroqnently hapyiens that hods of gravel containing bones 
of extinct inammalia are detected under these very ancient sheets of 
basalt, as between No. 4. and the freshwater strata, No. 3., at a., 
from wliieh it is clcfir that the surface of No. 3. formed at tliat period 
the lowest level at which the waters then draining the country flowed. 
Next in age to this basaltic platform comes a patch of ochreous sand 
and gravel (No. 5.), containing many bones of quadrupeds. Upon 
tills rests a pnmiccous breccia or conglomerate, with angular masses 
of trachyte and some quartz ])obbles. This deposit is followed by 5 b 
(which is similar to 5) and 5 c similar to the trachytic breccia 5 a. 
These two breccias are supposed, from their similarity to others found 


* Sec Quiirterly Geol, Journ., vol. ii. p. 77. 
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• 

Oil Mont Dor, to have descended from the flanks of that mountain 
during eruptions ; and the interstratifled alluvial deposits contain 
the remains of mastodon, rhinoceros, tapir, deer, beaver, and quadru- 
peds of other genera, referable to about forty species, all of which 
are exlinct. I formerly supposed them to belong to the same era as 
the iVliocenc faluns of Touraiiie ; but mprc recent researches seem 
to show that they ought rather to be ascribed to the older Pliocene 
epoch. 

Whatever be their date in the tertiary series, they are quadrupeds 
which inhabited the country when the formations 5 and o c ori- 
ginated. Probably they were drowned during floods, such as rush 
down the flanks of volcanos during eruptions, when great bodies of 
steam are emitted from the crater, or when, as we have seen, both on 
Etna and in Iceland in modern times, large masses of snow are siid- 
denly melted by lava, causing a deluge of water to bear down frag- 
ments of igneous rocks mixed with mud to the valleys and plains 
below. 

Tt will be seen that the valley of the Issoire, down which those 
aiicicmt inundations swept, was first excavated at the expense of tins 
formations 2, 3, and 4, and them tilled up by the masses 5 and 5 c, 
after which it was re-excavated before the more modern alluviums 
(Nos. 6 and 7.) were formed. In tliese again other fossil mammalia 
of distinct species have been detected by M. Bravard, the hones of 
an hi|>popotanius having Ix'cn found among the vest. 

At lengtli, when the valley of the Allier was eroded at Issoire 
down to its lowest level, a talus of angular fragments of basalt and 
fr(3.shwater limestone (No. 8.) was formed, called the l)one-hed of tin; 
Tour (le Bouhule, from Avhicli a great many other Newer Plio(tem* 
mammalia have been collected by MM. Bravard and Pound. 
Among these, the Klephns primif/emuSy Rhinoceros tivhorinvSy 
Deer (iinduding rein-d(‘er), EquvSy lioSy Antelope, Felts, and Ca7iis 
'were included. Even tliis deposit seems hardly to he the newest 
in the iieighhourhood, for if ^ve cross from the town of Lssoiie 
(se(* flg. 728.) over JMont Perrier to the adjoining valley of the 
Couze, we And another bone-bed (No. 9.) overlaid by a current oi‘ 
lava (No. 10.). 

The history of this lava-current, which terminates a few hundred 
yards below the jioint. No. 10., in the suburbs of the village of 
Nechers, is inUu-esting. It forms a long narrow stripe more than 13 
miles in length, at the bottom of the valley of the Couze, whi(di 
flows out of a lake at the foot of Mont Dor. This lake is caused 
by a harrier thrown across the ancient channel of the Couz<*, 
consisting partly of the volcanic cone called the Puy do Tartaret, 
formed of loose scorim, from ihe base of which has issued tlui lava- 
current before mentioned. The materials of the dam which blocked 
up the river, and caused the Lac de Chambon, are also, in part, de- 
rived from a landslip which may have happened at the time of the 
great eruption whicili formed the cone. 

This cone of Tartaret alfordsaii impressive monument of the very 
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different dates at which the igneous eruptions of Auvergne have 
happened ; for it wjis evidently thrown up at the bottom of the exist- 
ing valley, which is bounded by lofty precipices composed of sheets 
of ancient columnar trachyte and basalt, which once flowed at very 
high levels from Mont Dor.* 

When we follow the course of the river Couze, from its source in 
the lake of Chambon to the termination of the lava-current at 
l^echers, a distance of thirteen miles, we find that the torrent has in 
most places cut a deep channel through the lava, the lower portion of 
which is columnar. In some narrow gorgc& the water has even had 
])ower to remove the entire mass of basaltic rock, though the work 
of erosion must have been very slow as the ba-ialt is tough and 
hard, and one column after another must have been undermined 
and reduced to pebbles, and then to sand. During the time re- 
quired for tliis operation, the pcTishahle eoiie of Tartaret, com}>osed 
of sand and ashes, has stood uninjured, proving that no great flood 
or deluge can have passed over this regioji in#the interval hetweeu 
the eruption of Tartaret and our own times. 

II' we now rctui’ii to the section (fig. 72S.), I may observe that tlie 
lava-current of Tartaret, Avhich has diminished greatly in height and 
volume near its termination, presents here a steep and perpendicular 
face 2o feet in height towards the river. Beneath it is the alluvium 
Iso. 9., consisting of a red sandy clay, which must have covered the 
bottom of the valley when the current of nndted rock flowed down. 
The bones found in this alluvium, which I obtained myself, consisted 
of a siJecies of lield-rnouse, Arvicoluy and the molar tooth of an ex- 
tinct horse, Juptns fossUis. The other species, obtained from the 
same bed, ai c nderablo to the gen(?ra Sus^ Bos, Cerzms, Ft'liSy Cnith, 
Maries, Talpa, !Sorex, Lepvs, iScittrus, Mus, and L(fffOftii/s, in all no 
less than forty-tliree species, all closely allh'd to recent animals, yet, 
nearly all of them, according to M. Bravard, showing some j)ointsor 
difference, like those which Mr. Owen discovered in the case of the 
horse above alluded to. The bones also of a frog, snake, and lizard, 
and of several birds, wci’e associated with the fossils before enu- 
merated, and several recent land-shells, such as Cychsioma ehyans, 
Ilvlir hnrtcfisis, !L nemoralis, IT, lapicUla, and Clansilia ruffosa. If 
the animals were drowned by floods, which accomi)anied the eruptions 
of tlie Buy de Tartaret, they would give an exceedingly modern 
geological date to that event, which must, in tliatcase, have belonged 
to the en<l of the Newer Pliocene, or, perliaj)s, to the Post-j iocenc 
period. That the current wliich has issued from the Puy de Tartaret 
may,ncvertlieless, be very ancient in reference to the events of hurn.an 
history, we may conclude, not only from the divergence of themani- 
miferous fauna from that of our day, but from the fact that aKoman 
bridge of such form and construction as continued in use down to 
the fifth century, but which may be older, is now seen at a place 

♦ For a view of Puy dc Tartaret and Mont Dor, sec Scropc’s Volcanos of 
Central France. 
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about a mile ami a half from St. Neotaire. This ancient bridge 
spans the river Couze with two arches, each about 14 feet wide. 
These arches spring from the lava of 'J'artaret, on both banks, show> 
iiig that a ravine precisely like that now existing, liad already been 
excavated by the river through that lava thirteen or fourteen cen- 
turies ago. 

Jn Central France there are several liundred minor cones, 'like tJiat 
of Tartaret, a great number of whicdi, like Monte Nuovo, near Naplel^ 
may have been ])rincipally due to a single eruption. Most of these 
cones range in a linear direction from Auvergne to the Vivarais, and 
they were faithfully d(*scrib(‘d so early as the year 1802, bv M. de 
Montlosier. They have given rise ehiedy to currents of basaltic 
lava. Those of Auvergne call(*d the Monts Dome, placed on a gra- 
nitic platform, form an irregular ridge (sec fig. 024. p. .'>89.), about 18 
miles in length and 2 in breadth. They are usually truncated at 
the summit, where the crater is often presei ved entire, the lava having 
issued from the base^f the hill. But frecjuently the crater is broken 
down on one side, where the lava has flowed out. The hills are com- 
posed of loose scoria!, blocks of lava, hipilli, and pozziiolana, with 
fragincMits of trachyte and granite. 

Puy de Come , — The l^ny de (.'dine and its lava-cnrrent, near 
Clermont, may be mentioned as one of these minor volcanos. This 
conical liill rises from the granitic platform, at an angle of between 
SOP and 4(F, to tlie heiglit of more than 900 feet. Its summit pre- 
sents two distinct craters, one of them with a v(*rtical depth of 2d0 
feet. A stream of lava takes its rise at tlie western base of the bill 
instead of issuing from either crater, and d(*scends the granitic slofie 
towards the present site of the town of Pont Giband. Thence it 
])()urs in a broad sheet down a steep declivity into the vall(*y of the 
Sioule, lining the ancient river-ehaniiel for the distanee of more than 
a mile. "I'lie Sioule,* thus dispossessed of its bed, has worked out a 
frcish one between tin! lava and the granite, of its western bank ; and 
the excavation lias disclosed, in one spot, a wall of columnar basalt 
about 50 feet high.* 

The excavation of tlie ravine is still in progress, evei’y winter some 
columns of basalt being undermined and carried down the channel 
of the river, and in the coursi^ of a few miles rolled to sand and 
pebbles. jMeanwhile the cone of Come remains unimpaired, its 
loose materials being protected hy a dense vegetation, and the hill 
standing on a ridge not commanded by any higher ground, so that 
no floods of rain-ivaier can descmid upon it. There is no (!nd to the 
waste which the hard basalt may undergo in future, if the physical 
geography of the country rontiime unchanged, no limit to the number 
of years during which the heap of incoherent and transportable 
materials called the Puy de Come may remain in a stationary con- 
dition. In this place, therefore, we behold in the results of aqueous 
and atmospheric agency in past times, a counterpart of what wo 
must expect to recur in future ages. 

♦ Scropc’s Central France, p. 60 , and plate. 
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Lava of Chaluzet , — At another point, farther down tho course of 
the Sioulc, wo find a second illustration of tho same phenomenon in 
the Puy Rouge, a conical hill to the north of tho village of Pranal. 
Tlie cone is composed entirely of red and black scoriae, tuff, and vol- 
canic bonabs. On its western side, towards the village of Chaluzet, 
tliere is a worn -down crater, whence a powerful^ stream of lava has 
issued, and flowed into the valley of the Sioulo. The river has since 
excavated a ravine through tho lava and subjacent gneiss, to the. 
de])th in some places of 4CK) feet. 

On the upper part of the precipice forming the left side of this 
ravine, we see a great mass of black and red scoriaccous lava be- 
coming more and more columnar towards its base. (See fig. 729.) 

IV.7J9. 


n. ScoMJiroou^ l.'ivn 
b. ('f)Iuinnar bfi'iilt. 

I . Cirnvrl. 

O. Aiujnit mining 
gall(‘ry. 

K. 

/, Gneiss. 



L<iv.i currcnl of Clialnzi't, Auvergne, near its terinin.ition.* 

Helow this is a b(?d of sand and gravel 3 feet thick, evidently an 
ancient river-bed, now at an elevation of 25 feet above the channel 
of the Sioule. This gravel, from which water gushes out, rests ujiou 
gmuss,/; whicli has been eroded to tlic depth of 25 feet at the point 
whore the annexed view is taken. At d, close to the village of Les 
Combres, the entrance of a gallery is seen, in which lead has been 
worked in the gneiss. This mine shows that tlie pebble-bcd is con- 
tinuous, in a horizontal direction, between the gneiss and tho volcanic 
mass. Here again it is quite evident, that, wliilc the basalt was gra- 
dually undermined and carried away by the force of running water, 
the cone whence the lava issued escaped destruction, because it stood 
upon a platform of gneiss several hundred feet above the level of the 
valley in which the force of running water was exerted. 

* Lycll and Murchison, Ed. New Phil. Journ., 1829. 
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Puy de Parioii . — The brim of the crater of the Puy do Pariou, 
near Clermoni, is so sharp, and has been so little blunted by time, 
that it scarcely affords room to stand upon. This and other cones 
in an equally remarkable state of ^integrity have stood, I conceive, 
uninjured, not in spile of their loose porous nature, as might at first 
be naturally supposjed, but in consequence of it. No rills can collect 
where all the rain is instantly absorbed by the sand and scorisn, as 
is remarkably the case on Etna ; and nothing but a waterspout break- 
ing directly upon the Puy de Pariou could carry aAvay a portion of 
the hill, so long as it is not rent or engulphed by earthquakes. 

Hence it is conceivable that even those cones which have the 
freshest aspect and most perfect shape may lay claim to very liigli 
antiquity. Dr. Daubeny has justly observed, that had any of these 
volcanos boon in a state of activity in the age of Julius Cios;^, that 
general, who encamped upon the plains of Auvergne, and laid siege 
to its principal city (Gergovia, near Clennont), could hardly liave 
failed to notice them. Had there been any record of their eruptions 
in the time of Pliny or Sidonius Apollinaris, th(‘ one would scarcely 
have omitted to make mention of it in his Natural History, nor the 
other to introduce some allusion to it among the descriptions of lids 
his native province. This poet’s residence was on the borders of the 
Lake Aidat, which owed its very (jxistence to the damming up of a 
river by one (»f the most modern lava-currents.* 

Pionih du Canla/, — In regard to the age of tlie igneous rocks of 
the Cantal, we can at present merely aflirin, that they overlie the 
Lower Miocene lacustrine strata of that country, whicli may he 
partly Upper Eocene and partly Lower Miocene (see Map, j). 219.). 
They form a great dome-shaped mass, having an av(n*age sIojxj of 
only 4°, which has evidently been accumulated, like the cone of 
Etna, during a long series of eruptions. It is composed of trachjtic, 
phoiiolitic, and basaltic lavas, tulls, and conglomerates, or breccias, 
forming a mountain severfil thousand feet in height. Dikes Jil>o of 
phonolit(?, trachyte* and basidt are iiurneroiis, especially in the neigli- 
bourhood of the large cavity, probably once a cratei’, around whicli 
the loftiest summits of the Cantal are ranged circularly, few of them, 
except the Plomb du Cantal, rising far above the border or ridge of 
this sujiposed crater. A jiyramidal hill, called the Puy Griou, occu- 
j)ics the middle of llic cavity.| It is clear that the volcano of the 
Cantal broke out precisely on the site of the lacustrine deposit be- 
fore described (p. 227.), which had accumulated in a depression of a 
tract composed of micaceous schist. In' the breccias, even to the 
very summit of the mountain, wc find^ ejected masses of the fresh- 
water beds, and sometimes fragments of flint, containing Lower 
Miocene shells. Valleys radiate in all directions from the central 
heights of the mountain, increasing in size as they recede from those 
heights. Those of the Cer and Jourdanne, which are more than 20 
miles in lengtli, are of great depth, and lay open the geological struc- 

* Daubeny on Volcanos, p. 14. 

t Mein, de la Sec. Geul. de France, tom. i. p. 175. 
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ture of the mountain. No alternation of lavas witli undisturbed lacus- 
trine strata has been observed, nor any tuffs containing freshwater 
shells, although some of these tuffs include fossil remains of terrestrial 
])l:ints, said to imply several disUiict restorations of the vegetation 
of the mountain in the intervals oet ween great eruptions. On the 
northern side of the Plomb du Cantal, at La Vissiere, near Murat, is 
a spot, pointed out on the Map (p. 219.), where freshwater limestone 
and marl are seen covered by a thickness of about 800 feet of 
volcanic rock. Shifts are here seen in the strata of limestone and 
innrl.* 

In treating of the lacustrine deposits of Central France, in the 
fifteenth chapter, it was stated that, in the arenaceous and pebbly 
group of the lacustrine basins of Auvergne, Cantal, and Velay, no 
volcjiuic pebbles had ever been detected, although massive piles of 
igneous rocks are now found in the immediate vicinity. As this 
observation has been confirmed by minute research, we are warranted 
in inferring that the volcanic eruptions had not commenced when 
the older subdivisions of the freshwater groups originated. 

In Cantal and Velay no decisive proofs have yet been brought to 
light that any of the igneous outbursts happened during the depo- 
sition of the freshwater strata ; but there can be no doubt that in 
Auvergne some volcanic explosions took place before the drainage 
of the lakes, and at a time when the Lower Miocene species of animals 
and plants still flourish(»d. Thus, for exampFe, at Font du Chateau, 
near Clermont, a section is seen in a precipice on the right bank of 
llui river Allicr, in which beds of volcanic tuff a Item ate with a fresh- 
water limestone, which is in some places pure, but in others spotted 
with fnigineiits of volcanic matter, as if it were deposited while 
showers of sand and scoriae were projected from a neighbouring 
veiit.f 

Another example occurs in the Puy do Marmont, near Veyres, 
where a freshwater marl alternates with volcanic tuff containing 
]\lioeene sliells. The tuff or breccia in this locality is precisely such 
as is known to result from volcanic ashes falling into water, and sub- 
siding together with ejected fragments of marl Jind other stratified 
rocks. These tuffs and marls arc highly iuclined, and traversed by 
a thick vein of basalt, which, as it rises in the hill, divides into two 
branches. 

Gerr/ovia . — The hill of Gergovia, near Clermont, affords a third 
exainj)le. 1 agree with MM. Diifrenoy and Jobert that there is no 
alternation here of a eonteinporaneous sheet of lava with freshwater 
strata, in the manner supposed by some other observ(;rs J ; but the 
position and contents of some of the associated tuffs prove them to 
have been derived from volcanic eruptions which occurred during the 
deposition of the lacustrine strata. 

The bottom of the hill consists of slightly inclined beds of white 

* See Lycll and Murchison Ann. de Sci. Nat., Oct. 1829. 

f Set* StTopc’s Central Erinice, p. 21. 

{ Scu Ibid., p. 7. 
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and j^recnish marls, more tliau 300 feet in thickness, intersected by a 
dike of basalt, wliich may he studied in the ravine above the villafre 
of Merdognc. The dike hero cuts through the marly strata at a cou- 
sidorable angle, ])roduciug, in gen^il, great alteration and confusion 
in them for some distance from tne point of contact. Above tlie 
M'liite and green marls, a series of beds of limestone and marl, con- 
tfiining freshwater shells, are seen to alternate with volcanic tuff. 
In the lowest part of this division, beds of pure marl alternate witli 
compact fissile tuff, resembling some of the subaqueous tuffs of Italy 
and Sicily called peperinos. Occasionally fragments of scoriai are 
visible in this rock. Still higher is seen another group of some 
thickness couaisting exclusively of tuff, upon which lie other marly 

Fig. 730. 



Hill of (iergo^ia. 


strata intermixed with volcanic matter. Among the specie's of fossil 
shells which I found in these strata were Melania inquinata^ a 
and a Melanopsis, but they were not sufficient to enable me to deter- 
mine 'with precision the ag(? of the formation. 

There are many points in Auvergne where igneous rocks have 
been forced by subsequent injection through clays and qparly lime- 
stones, in such a maiinei’ that the whole has become blended in one 
confused and brecciated mass, between wliich and the basalt there is 
sometimes no very distinct line of demarcation. In the cavities of 
such mixed rocks we often find cdlcedony, and crystals of mesotype, 
stilbiie, and arragonite. To formations of this class may belong 
some of the breccias iinniedkitely adjoining the dike in the hill of 
Gergovia ; but it cannot bo contended that the volcanic sand and 
se.orise interstratified with the marls and limestones in the upper 
])art of that hill wore introduced, like the dike, subsequently, by 
intrusion from below. They must liavo been thrown down like 
sediment from water, andean only have resulted from igneous action, 
which was going on contemporaneously with the deposition of the 
Jaenstrine strata. 

The reader will bear in mlud that this conclusion agrees well with 
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the proofs, udvcTtecl 1o in tho nTteciith chapter, of tlio abundance of 
silex, travertin, and pypsum precipitated when the upper lacustrine 
strata were formed ; for these rocks are such as the waters of mineral 
and thermal springs might generate. 

Eocene Volcanic Eocks. — The* fissile limestone of Monte Bolen, 
near VT*roria, has for many centuries been celebrated in Italy for the 
number of perfect I ch thy olites which it contains. Agassiz has de- 
hcribed no loss than 13i5 species of fossil fish from this single deposit, 
and the multitude of individuals by which many of the species are 
lepresented, is attested by the variety of sprfimens treasured up in 
the principal museums of Europe. Tlicy have been all obtained 
from quarries worked exclusively by lovers of natural history, for 
the sake of the fossils. Had the lithographic stone of Solenhofen, 
now regardcid as so rich in fossils, been in like manner qinarried 
solely for scientific objects, it would have remained almost a 
sealed book to pala3ontologists, so sparsely are the organic re- 
mains scattered through it. I visited Monte Bolca in company 
with Sir Roderick Murchison in 1828, and we then satisfied our- 
selves that the fish -bearing strata formed part of the Eocene 
rocks of the adjacent Vicentinc : we also ascertained that the 
associated volcanic products, consisting chiefly of peperino or 
brown basaltic tufi', were contemporaneous and interstrati fiod with 
inarine deposits charged with the same fossils as those which cha- 
racterize the Middle Eocene group of Monte 'Bolca. In some of the 
tufis 11 uinni elites arc met with, and two sjiecios, NnmmuHf as globulus 
and N, mille-caput^ were obtained by Sir R. Murchison in a subse- 
quent visit from beds intervening bct\veen those which yield the chief 
su]>ply of fossil fish. We observed dikes of basalt cutting through 
vast masses of the peperino in Monte Postale, which adjoins Monte 
Bolca. There isevid(?nce hero of a long series of submarine volcanic 
erujitions of Eocene date, and during some of them, as Sir IC Mur- 
chison has suggested, shoals of fish were probably destroyed by the 
evolution of heat, noxious gases, and tufaceous mud, just ns 
lnq)p(;ncd when Graham’s Island was thrown up between Sftily and 
Africa in 1831, at which time the waters of the Mediterranean were 
seen to be charged with red mud, and covered with dead fish over 
a wide area.f 

Associated with the marls and limestones of Monte Bolca are beds 
containing lignite and shale with numerous plants, which have been 
described by linger and Massalongo, and referred by them to the 
Eocene period. I have alrea<fy cited (p. 288.) Professor IJeer’s 
remark, that several of tlio species arc common to IMonte Bolca and 
the white clay of Alum Bay, a Middle Eocene deposit ; and tho same 
botanist dwells on the tropical character of the flora of Monte Bolca 
and its distinctness from the subtropical flora of the Lower Miocene 
of Switzerland and Italy, in which last there is a far more con- 
siderable mixture of forms of a temperate climate, such as the 

* IMiircliison, on the Structure of the + PrincijiK's of Geology, chap, xxvi., 
Alps, Quart.-Gcol. Juurii., vol. v. p. *225. 9tli cil., p. 4:32. 
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willow, poplar, birch, olrn, and others. All these are wanting at 
Monte Boloa, wliilc on the other hand the cotiiferse are represented 
by five sj)ecies of Podocarptis^ the Dicotyledons by the fig and 
sandal-wood tribe, and by some Protcacew. There are also ni:iiiy 
tropical forms Legummoste^ together with fan-palms, and a palm 
allied to the cocoa-nut with its fruit ; also, according to Massalongo, 
an orchideous epiphyte. That scarcely any one of the Monte Bolca 
fish should have been found in any other locality in Europe, is a 
striking illustration of the extreme imperfection of the palaeonto- 
logical record. Wc arc in the habit of imagining that our insight 
into the geology of the Eocene period is more than usually perfect, 
and wc arc certainly acquainted with an almost unbroken succes- 
sion of assemblnges of sheila passing one into the other from the era 
of the Thanet sands to that of the Bembridge beds or Paris gypsum. 
The general dearth, therefore, of fish might induce a hasty reasoner 
to conclude that there was a poverty of ichthyic forms during this 
long period ; but Avhen a local accident, like the volcanic eruptions 
of Monte Bolca, occurs, proofs arc suddenly revealed to us of the 
richness and variety of this great class of vertebrata in the Eocene 
sea. The number of genera of Monte Bolca fish is, according to 
Agassiz, no less than seventy-five, twenty of them peculiar to that 
locality, and only eight common to the antecedent Cretaceous period, 
Ko less than forty-seven out of the seventy-five genera make their 
appearance for the first time in the Montfi Bolca rocks, none of them 
liaving been met with as yet in the antecedent formations. They 
form a great contrast to the fish of the secondary period, as, with the 
exception of the Placoids, they are all Teleosteans, only one genus, 
Pgcfiodits, belonging to the order of Ganoids, which form, as be- 
fore stated, the vast majority of the ichthyolites entombed in the 
secondary rocks. 

Cret^aceous period. — Although we have no proof of volcanic rocks 
erupted in England during the deposition of the chalk and greensand, 
it would be an error to suppose that no theatres of igneous action 
existed ^n the cretaceous j>eriod. M. Virlct, in his account of the 
geology of the IMorea, p. 205., has clearly shown that certain traps 
in Greece, called by him opliiolitcs, are of this date ; as those, for 
example, which alternate conformably with cretaceous limestone and 
greensand between Kastri and Damala in the Morea. They consist 
in great part of diallage rocks a' d serpentine, and of an amygdaloid 
with calcareous kernels, and a bjise of serpentine. 

In certain parts of the Morea, theP age of these volcanic rocks is 
established by the following proofs ; first, the litliographic limestones 
of the Cretaceous era are cut througli by trap, and then a conglo- 
merate occurs, atNaupila and t ther places, containing in its calcareous 
cement many well-known fossils of the chalk and greensand, together 
with pebbles formed of rolled pieces of the samo ophiolite, which 
appear in the dikes above alluded to. 

Period of Oolite and Lins. — Although the green and serpen ti nous 
trap rocks of the Morea belong chiefly to the Cretaceous era, as 
Lufure im 'ih'oned, yet it seems that some eruptions of similar rocks 
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began during the Oolitic period*; and it is probable that a large 
part of the trappean masses, called ophiolites in the Apennines, and 
associated with the limestone of that cliain, are of corresponding age. 

That some part of the volcanic rocks of the Hebrides, in our own 
country, originated contemporaneously with the Oolite which they 
traverse and overlie, has been ascertained by Prof. E. Forbes, in 
1850. Some of the eruptions in Skye, for example, occurred at the 
close of tlie Middle and before the commencement of the Upper 
Oolitic period.f 

Trap of the New Red Sandstone period . — In the southern part of 
Devonshire, trappean rocks are associated with New Red Sandstone, 
and, according to Sir II. De laBechc, have nut been intruded subse- 
quently into the sandstone, but were produced by contemporaneous 
volcanic action. Some beds of grit, mingled with ordinary red marl, 
resemble sands ejected from a crater; and in the stratified conglo- 
merates occurring near Tiverton are many angular fragments of trap 
porphyry, some of them one or two tons in weight, intermingled with 
pi'bbles of other rocks. These angular fragments were probably 
thrown out from volcanic vents, and fcdl upon sedimentary matter 
tlien in the course of deposition 

Carboniferous period. — Two classes of contemporaneous trap 
rocks were ascertained by Dr. Fleming to occur in the coal-field 
of the Forth in Scotland. The newest of these, connected with the 
higher series of coal-measures, is well exhibited along the shores of 
the Forth, in Fifeshire, where they consist of basalt Avith olivine, 
amygdaloid, greenstone, wacke, and tuff. They appear to have been 
erupted while the Sedimentary strata were in a horizontal position, 
and to have suffered the same dislocations Avhich those strata have 
suhscquently undergone. In the volcanic tuffs of this age are found 
not only fragments of limestone, shale, flinty slate, and sandstone, 
hut also pieces of coal. 

The other or older class of carboniferous traps are traced along 
the south margin of Stratheden, and constitute a ridge parallel Avith 
the Ochils, and extending from Stirling to near St. Andrews. They 
consist almost exclusively of greenstone, becoming, in a few instances, 
earthy and amygdaloidal. They are regularly interstrati fied Avith 
the sandstone, shale, and ironstone of the loAver Coal-measures, and, 
on the East Lomond, with Mountain Limestone. 

I examined these trap rocks in 1838, in the cliffs south of St. An- 
drews, where they consist in great part of stratified tuffs, Avhich are 
curved, vortical, and contorted, like the associated coal-measures. In 
the tuff' I found fragments of carboniferous shale and limestone, and 
intersecting vein^ of greenstone. At one spot, about two miles from 
St. Andrews, the encroachment of the sea on the cliffs has isolated 
several masses of trap, one of which (fig. 731.) is aptly called the 

* Boblaje and Virlet, Morca, p. 23. t Dc la Bechc, Geol. Proceedings, 
t Gcol. Quart. Journ., 1851, vol. vii. vol. ii. p. 198. 
p. 108. 
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Kiu-k mill bpiiii.le, Si. Andrew a, as been in 1»38. 
a. iinstratitied tiifT. A. columnar greenstone. c. stratilicd tufl*. 


Fig. 7:iJ. 



('oliuni. of (Jri-on- 
n endwise 
at A, hg. 731. 


‘‘ rock and spindlr,'* * for it consi.sts of a pinruiclo 
of tu(r, which may be compared to a distaff', and 
near the base i.^ a mass of columnar greenstone, 
in which the pillars radiate from a centre, and ap- 
pear at a distance like the spokes of a wheel. The 
largest diameter of this wheel is about twelve 
ftjet, and the polygonal terminations of the co- 
lumns are seen round tlie circumference (or tire, 
as it were, of the wheel), as in the accompnny- 


* “ Till' Hock,” as English readers of Burns's poems may remember, is a 
Scotch term for a distaff. 
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ing figure. I conceive this mass to be the extremity of a string 
or vein of greenstone, which penetrated the tuff. The prisms 
j)oint in every direction, because tliey were surrounded on all sides 
by cooling surfaces, to which they always arrange themselves at 
riglit angles, as before explained (p. fill.). 

A trap dike was pointed out to me by Dr. Fleming, in the parish 
of Flisk, ill the northern part of Fifeshire, which cuts through the 
grey sandstone and shale, forming the lowest part of the Old Red 
Sandstone, but which may probably be of carboniferous date. It 
may be traced for many miles, passing through the amygdaloidal 
ami other trai)3 of the hill called Norman's Law. In its course it 
affords a good excmplificatiou of the passage from the trappcan into 
the plutonir, or highly crystalline texture. Professor Gustavus 
Rose, to whom I submitted specimens of this dike, finds the rock, 
v'hich he calls dolerite, to consist of greenish black augite and La- 
brador felspar, the latter being the most abundant ingredient. A 
small quantity of magnetic iron, perhaps titaniferoiis, is also present. 
The result of this analysis is interesting, because botli the ancient 
and modern lavas of Etna consist in like manner of augite, Liibra- 
dorite, and titaniferoiis iron. 

Trap of the Old Red Sandstone period , — lly referring to the 
section explanatory of the structure of Forfarsliirc, already given 
(p. 48.), the reader will perceive that beds of conglomerate, Iso. 3., 
occur in the middle of the Old Red Sandstone system, 1, 2, 3, 4. 
The ]>(‘bbles in these conglomerates are sometimes com])ospd of 
granitic and quartzose rocks, sometimes exclusively of difiereiit 
\arieties of trap, which last, although purposely omitted in the sec- 
tion referred to, is often found either intruding itself in amorjdioiis 
masses and dikes into tho old fossiliferous lilestones, No. 4., or 
alternating with them in conformable beds. All the differeiit 
divisions of the red sandstone, I, 2, 3, 4., are occasionally inter- 
sected by dikes, but they are very rare in Nos. 1. and 2., the iipj>er 
incnihers of the group consisting of red shale and red sandstone. 
These ])henomena, which occur at the foot of the Gram[>i}ins, are 
roj)eated in the Sidlaw Hills ; and it appears that in this ])art of 
Scotland volcanic eruptions W'ere most frequent in tho earlier pari 
of the Old Red Sandstone period. 

The trap rocks alluded to Consist chiefly of felspathic porphyry 
and amygdaloid, the kernels of the latter being sonietiincs calca- 
reous, often caloedonic, and forming beautiful agates. We meet 
also with chiystone, clinkstone, greenstone, compact felspar, and 
luff. Some of tlicso rocks flowed as lavas over the bottom of tlu‘ 
sea, and enveloped quartz pebbles which were lying tlierc, so as to 
form conglomerates with a base of greenstone, as is seen in Luml(*y 
Den, in the Sidlaw Hills. On cither side of the axis of this chain of 
hills (see section, p. 48.), the beds of massive trap, and the tuflk 
composed of volcanic sand and ashes, dip regularly to the south -ea.'-l 
or north-west, conformably ith the shales and sandstones. But 
the geological structure of the Penthnid Hills, near Edinburgh, show> 
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that igneous rocks were there formed during the newer part of the 
Devonian or “Old Red** period. These hills are 1900 feet high 
above the sea, and consist of conglomerates and (Sandstones of Upper 
Devonian age, resting on the inclined edges of grits and slates of 
Lower Devonian and Upper Silurian date. The contemporaneous 
volcanic rocks intercalated in this Upper Old Red consist of felspathic 
lavas, or felstones, with associated tuffs or ashy beds. The lavas 
were some of them originally compact, others vesicular, and these 
last have been converted into amygdaloids. They consist chiedy of 
felstone or compact felspar. The Pentland Hills, say Messrs. Mac- 
larcn and Geikie, afford evidence that at the time of the Upper 
Old Red Sandstone, the district to the south-west of Edinburgh was 
for a long while the seat of a powerful volcano, which sent out 
massive streams of lava and showers of ash, and continued active 
until well-nigh the dawn of the Carboniferous period.* 

Silurian period , — It appears from the investigations of Sir R. 
Murchison in Shropshire, that when the lower Silurian strata of 
that country were accumulating, there were frequent volcjinic 
eruptions beneath the sea ; and the ashes and scoriae then ejected 
gave rise to a peculiar kind of tufaceous sandstone or grit, dissimilar 
to the other rocks of the Silurian series, and only observable in 
places where syonitic and other trap rocks protrude. These tuffs 
occur on the flanks of the Wrekin and Caer Caradoc, and contain 
Silurian fossils, such as casts of encrinites, trilobites, and molusca. 
Although fossiliferous, the stone resembles a sandy claystone of the 
trap family.f 

Thin layers of trap, only a few inches thick, alternate in some 
parts of Shropshire and Montgomeryshire with sedimentary strata 
of the lower Silurian system. This trap consists of slaty porphyry 
and granular felspar rock, the beds being traversed by joints like 
those in the associated sandstone, limpstone, and shale, and having 
the same strike and dip.} 

In Radnorshire there is an example of twelve bunds of stratifled 
trap, alternating with Silurian schists and flagstones, in a thickness 
of 350 feet. The bedded traps consist of felspar porphyry, clink- 
stone, and other varieties ; and the interposed Llandeilo flags are of 
sandstone and shale, with trilobites and graptolites.§ 

The Snowdonian hills in Caernarvmishire consist in great part of 
volcanic tuffs, the oldest of whica are interstrati fled with the Bala 
limestone and slate. There are some contemporaneous felspathic 
lavas of this era, which, says Professor Ramsay, alter the slates on 
which they repose, having doubtless been poured out over them, in a 
melted state, whereas the slates which overlie them having been 
subsequently deposited after the lava had cooled and consolidated, 
have entirely escaped alteration. But there are greenstones asso- 

♦ Maclaren, Geology of Fife and p. 230. 

Lothians. Geikie, Trans. Royal Soc. t Ibid., p. 212. 

Edinburgh, 1860-1861. § Ibid., p. 325. 

t Murchison, Silurian System, &c., 
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dated with the same formation, which, although they are often 
conformable to the slates, are in reality intrusive rocks. They alter 
the stratified deposits both above and below them, and when traced 
to great distances, are sometimes, seen to cut through the slates, and 
to send off branches. Nevertheless, these greenstones appear to 
1)elong, like the lavas, to the Lower Silurian period. 

Cambrian Volcanic Rocks , — The Lingula beds in North Wales 
have been described as 7000 feet in thickness. In the upper 
portion of these deposits, volcanic tuffs or ashy materials are inter- 
stratified with ordinary muddy sediment, and hero and there asso- 
ciated with tiiick beds of felspathic lava. These rocks form the 
mountains called the Arans and tln^ Arenigs ; numerous greenstones 
are associated with them, which are intrusive, although they often 
run in the lines of bedding for a space. **Much of the ash,” says 
Professor Ramsay, seems >to have been sub-aerial. Islands, like 
Graham’s Island, may have sometimes raised their craters for various 
periods above the water, and by the waste of such islands some of 
the ashy matter became waterworn, whence the ashy conglomerate. 
Viscous matter seems also to have been sliot into the air as volcanic 
bombs, which fell among the dust and broken crystals (that often 
form the ashes) before perfect cooling and consolidation had taken 
place.” * 

Lanrentiun Volcanic Rocks , — The Laurei^iau rocks in Canada, 
especially in Ottawa and Argenteuil, are the oldest intrusive masses 
yet known. They form a set of dikes of a fine-grained dark green- 
stone or dolcrite, composed of felspar and pyroxccne, with occasional 
.scales of mica and grains of pyrites. Their width varies from a few 
feet to a hundred yards, and they have a columnar structure, the 
columns being truly at right angles to the plane of the dike. Some 
of the dikes send off branches. These dolerites are cut through by 
intrusive syenite, and this? syenite, in its turn, is again cut and 
j)enetrated by felspar porphyry, the base of which consists of petro- 
silex, or a mixture of orthoclase and quartz. All these trap rocks 
a])pear to be of Lauren tian date, for the lowest fossil iferous rocks, 
Mich as the Cambrian or Potsdam sandstone, overlie eroded portions 
of them.f Whether some of the various conformable crystalline 
rocks of the Laurentian series, such as the coarse-grained granitoid 
and porphyritic varieties of gneiss, exhibiting scarcely any signs 
of stratification, some of the serpentines, may not also be of vol- 
canic origin, is a point very difficult to determine in a region which 
has undergone so much metamorphic action. 

* Gcol. Quart. Journ., vol. ix. p. 170., 18 ja. 

t Logan, Geology of Canada, 1663. 
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CHATTER XXXIIL 

PLUTONIC ROCKS GRANITE. 

General asj)ect of granite — Decomposing into spherical masses— Ruilc cohimnar 
structure— Analogy and difference of volcanic and plutoiiic formations — Minerals 
in granite, and their arrangement — Graphic and porphyritic granite — Mutual 
penetration of crystals of quartz and felspar — Occasional minerals — Syenite — 
Syonitic, talcosc, and schorly granites — Eiirite — Passage of granite into trap — 
Examples near Christiania and in Aberdeenshire — Analogy in composition of 
trachyte and granite — Granite veins in Glen Tilt, Cornwall, the Valorsine, ami 
other countries — Different composition of veins from main body of granite — 
Metalliferous veins in strata near their junction with granite —Apparent isolation 
of nodules of granite — Quartz veins — Whctlier j)lutonic rocks are ever over- 
lying — Their exposure at the surfaiec due to denudation. 

The plnUmic rook.s may be treated of next in order, as they are 
most nearly allied to the volcanic class already consid(*rcd, I have 
<lescri>>ed, in the first chapter, th(‘sc plutonic rocks as the unstra- 
tified divi.sion of tin* crystalline or hypogenc forniaiions, and have 
.stated that they differ from the volcanic rocks, not only by their 
more crystalline texture, but also by the absence of tuffs and 
breccias, wliich arc the products of erui)tions at the earth\s surface, 
or beneath sea.s of inconsiderable depth. They differ also by the 
ab>cnc(‘ of pores or cellular cavities, to which the expansion of the 
entangled gases gives rise in ordinary lava. From these and other 
peculiarities it has been inferred, that the granites liave been formed 
at considerable depth.s in the earth, and have cooled and crystallized 
slowly under great pressure, where the contained gases could not 
expand. The volcanic rock.s on the contrary, although they also 
have risen up frojn below, Jiave cooled from a nndted state more 
rapidly upon or near the surface. From this hypothesis of the 
great dei»th at which the granites originated, has been derived the 
name of “ Plutonic rocks.” The bi*ginncr will easily conceive that 
the influence of subternuiean heat may extend downwards from the 
crater of every active volcano to a great depth b(dow, perliaps 
several miles or leagues, and the effects which arc produced deep in 
the bowels of the eartli may, or rather must, b(j distiintt; so that 
volcanic and plutonic rocks, each different in texture, and sometimes 
even in composition, may originate simultaneously, the one at the 
surface, the oilier far beneath it. 

By some writers, all the rocks now under consideration have been 
coinprchended under the name of granite, wliich is, then, understood 
to embrace a large family of crystalline and compound rocks, usually 
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found underlying all other formations ; whereas we have seen that 
trap very commonly overlies strata of different ages. Granite often 
preserves a very Uniform character throughout a wide range of 
territory, forming hills of a peculiar rounded form, usually clad with 
a scanty vegetation. The surface of the rock is for the most part in 
a crumbling state, and the hills are often surmounted by piles of 
stones like the remains of a stratified mass, as in the annexed figure, 

« 

Vtg. ^3. 



ji' 

Mavh of Kr.inite iit‘ar thu Sharp Toi, Cornu all. 


and sometimes like heaps of boulder.s, for which they havi* been 
mistaken. The cxt(‘rior of these stones, originally quadrangular, 
acquires a rounded form by tlie action of air and water, for the 
edges and aiigl(\s waste away more rapidly than the sides. A 
similar splua-ical structure has already been described as charac- 
teristic of basalt and otluT volcanic formations, and it must be n*- 
ferred to analogous causes, as yet but imperfectly under>toud. 

Although it is the general peculiarity of granite to assume no 
detijiite shapes, it is nevertheless occasionally subdivided by fi.ssure>, 
so as to assume a cuboidal, and even a eolumnar, structure, Kx- 
ainplcs of these appearances may be seen near tlie Land's Knd, in 
Cornwall. (See fig. 734.) 

TJje plutonic formations also agree with the volcanic in liaving 
v(‘ins or raniilicatioiis proceeding from central masses into th(^ ad- 
joining rocks, and eau.sing alterations in these last, wLich will be 
juTscntly described. They also resemble trap in containing no 
organic remains; but they differ in being moi*e uniform in texture, 
whole mountain masses of indefinite extent appearing to have ori- 
ginated under conditions precisely similar. They also differ in 
nev(*r being scoriaeeous or aniygdaloidal, and never forming a 
])orpbyry with an uncrystalline base, or alternating with tuffs. Nor 
do they form conglomerates, although lh(;re is sometimes an in- 
sensible passage from a line to a coarse-grained granite, and occa- 
sionally patches of a fine texture are imhedd(‘d in a coarser variety. 

Felspar, quartz, and mica are usually considered as the minerals 
essential to granite, the felspar being most abundant in quantity, and 
the proportion of quartz exceeding that of mica. These minerals 
are united in what is termed a confused crystallization ; that is to 
say, there is no regular arrangement of the crystals in granite, as in 
gneiss (see fig. 756. p. 725.), except in the variety termed graphic 
granite, which occurs mostly in granitic veins. This variety is a 



MINERAL COMPOSITION OP GRANITE. [Ch. XXXIII. 










Granite having a cuboidal ami rude columnar structure, Land’s Knd, Cornwall. 

com pound of felspar and quartz, so arranged as to produce an 
imperfect laminar structure. The crystals of felspar appear to have 
been first formed, leaving between them the space now occupied by 
the darker-coloured quartz. This mineral, when a section is made 



Graphic granite. 

Fig. TS'i. Section parallel to the lainimr. 

Fig. 73fj. Section tranbvcrac to iliv Kuninae. 

at right angles to tlic alternate ]dates of felspar and quartz, presents 
broken lines, which have been compared to Hebrew characters. 
The variety of granite called by the French *Pegmatitey which is a 
mixture of quartz and common felspar, usually with some .small 
admixture of white silvery mica, often passes into graphic granite. 

Ordinary granite, as well as syenite and euritc, qsually contains 
two kinds of felspar : 1st, the common, or orthoclase, in which 
)>otash is the prevailing alkali, and this generally occurs in large 
crystals of a white or flesh colour; and 2ndly, felspar in smaller 
crystals, in which soda predominates, usually of a dead white or 
spotted, and striated like albite, but not the same in composition.* 

* Dtlessc, Ann. dcs Mines, 1852, t. iii. p. 409., and 1848, t. xiii. p. 675. 



Ch. XXXllL] MINERAL COMPOSITION OF GRANITE. 697 

As a general rule, quartz, in a compact or amorphous state, forms 
a vitreous mass, serving as the base in which felspar and mica have 
crystallized ; for although these minerals are much more fusible 
tlian silex, they have often imprinted their shapes upon the quartz. 
This fact, apparently so paradoxical, has given rise to much in- 
genious speculation. We should naturally have anticipated that, 
during the cooling of the mass, the flinty portion would be the first 
to consolidate ; and that the different varieties of felspar, as well as 
garnets and tourmalines, being more easily liquefied by heat, would 
be the last. Precisely the reverse has taken place in the passage of 
most granite aggregates from a fluid to a solid state, crystals of the 
more fusible minerals being found enveloped in hard, transparent, 
glassy quartz, which has often taken very faithful casts of each, so 
us to preserve even the microscopically minute striations on the 
surface of prisms of tourmaline. Various explanations of this phe- 
iiomcuoii have been proposed by MM. de Beaumont, Fournet, and 
Durocher. They refer to M. G audio’s experiments on the fusion 
of quartz, which show that silex, as it cools, has the property of 
remaining in a viscous state, whereas alumina never does. Tliis 
“ gelatinous flint ” is supposed to retain a considerable degree of 
plasticity long after the granitic mixture has acquired a low tem- 
l>erature ; and M. E. de Beaumont suggests that electric action may 
prolong the duration of the viscosity of silex. Occasionally, how- 
(‘ver, wc find the quartz and felspar mutually imprinting their forms 
on each other, affording evidence of the simultaneous crystallization 
of both.* 

According to the experiments and observations of Gustave Rose, 
tli(‘ quartz of granite has the specific gravity of 2’6, which cliarac- 
tcrizos silica when it is precipitated from a liquid solvent, and not 
that inferior density, namely, 2*3, which belongs to it when it cools 
in the laboratory, in what is culled the dry way, or from a stale of 
ln^ioll. It lias been, therefore, iiif(*rrcd, perhaps somewliat rashly, 
that the manner in which the consolidation of granite takes place is 
exet'cdiiigly different from the cooling of lavas, even of those which 
are tlio most crystalline. It has also been still more hastily inferred, 
that the intense heat formerly supposed to be necessary for tlie pro- 
duction of mountain masses of pliitonic rocks may bo dispensed with. 
'J'hc first question to be decided is, whether or not silica can be 
obtained even in the laboratory in a crystalline state by fusion. Mr. 

Soi by, who has devoted much time and talent to the solution of this 
Jind kindred problems, has come to the conclusion that it can be so 
obtained. lie informs me that he is convinced, by the examination 
ot quartz fused by Mr. David Forbes, that silica can crystallize in 
the dry way, and he has found in quartz forming a constituent part 
of some trachytes, both from Guadaloupc and Iceland, glass-cavities I 
quite similar to those met with in genuine volcanic minerals, which 

* Bulletin, 2e serio, iv. 1304.; and f See Quart. Gcol. Joura., vol. xiv. 
i> Archiac, Hist, des Progres dc la Geol., p. 4 05. 

1* 38. 
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prove most conclusively that this quartz crystallized out from a 
fused material like obsidian. 

By ‘-glass-cavities” are meant those in which a liquid, on cooling, 
has become first viscous and then solid without crystallizing or under- 
going a definite change in its physical structure. Other cavities 
which, like those just mentioned, are frequently discernible under the 
microscope in the minerals composing granitic rocks, are filled some 
of them with gas or v<apour, others with liquid, and by the move- 
ments of the bubbles thus included the distinctness of such cavities 
from those lilled with a gla'^sy substance can be tested. 

^Ir. Sorby admits that the frequent occurrence of fluid cavities in 
the quartz of grajiite implies that water was almost always presmt 
in the lurmiition of this rock ; but the same may be said of almost 
all lavas, and it is now more than forty years since Mr. Scropc 
insisted on the important part whicdi Avater plays in volcanic erup- 
tions, being so intimately mixed up with the materials of the lava 
that he supimsed it to aid in giving mobility to the fluid mass. It 
is> well known that steam escapes for months, sometimes for years, 
from tlie cavities of lava when it is cooling and consolidating. 

As to the result of Mr. Sorby’s experiments and speculations on 
this difficult subject, they may be stated in a few words. He con- 
cludes that the phy>ical conditions under which the volcanic and 
granitic rocks originate are so far similar lliat in both cases tlnw 
combine igneous fusion, aqueous solution, and gaseous sublimation 
— the proof, he says, of the operation of water in the formation of 
granite being ([uite as strong as of that of heat.* 

When rocks are melt(Hl at great depths water must be present, foi- 
two reasons — First, b(;cause in a state of solid combination waler 
enters hirgtdy into tlie composition of some of the most common 
minerals, es])ecially those of the aluminous class ; and, secondly, 
because raiii-watei- and sea-water are always descending llirougli 
tissured and porous rocks, and must at length find their way into 
the regions of subterranean heat. But the existence of water under 
great iwessiire alfords no argument against our attributing an exces- 
sively liigh temperature to tlie mass with whicli it is mixed u]). 

Bunsem, indeed, imagines that in Iceland it attains a white heal 
at a very moderate depth. Still less does the point to wliich the 
materials of granite or lava must be cooled down before they crys- 
tallize or consolidate afford any test of tlie degree of heat which the 
same mat(‘rial.s acquired before they could be made to form lakes 
and seas of molten rock in the interior of the earth’s crust. 

To what extent some of the iii(?tnmorphic rocks containing the 
same minerals as the granites may have been formed by hydro- 
thermal action without llie intervention of intense heat comparable 
to that brought into play in a volcanic eruption, will be considered 
when wc treat of the mctamorphic rocks hi the thirty-fifth chapter, 

p. 728. 


See Quait. Gcol. Joiirn., vol. xiv. p. 4SS. 
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Porphyritic granite, — This name has been sometimes given to 
that variety in which large crystals of common felspar, sometimes 
more than 3 inches in length, are scattered through an ordinary base 
of granite. An example of this texture may be seen in the granite 
of the Land’s End, in Cornwall (fig. 737.). The two larger prismatic 


Fig. 737. 



Poi pnyritu' gr.itiiie. i.aiurb Knd. ('••rnw.ill 


crystals in this drawing rci)resent felspar, smaller cry.stals of which 
are also seen, similar in form, scattered through the base. In tlii-' 
base also appear black sp(!cks of mica, tin* crystals of which have ii 
more or less perfect hexagonal outline. The remainder of the mass 
is quartz, the. translucency of which is stiiongly contrasted to the 
o]»aqueiiess of the white felspar and black mica. But neither the 
transparency of the quartz nor the silvery lustre of tlie mica can bo 
ex|)res.<ed in the engraving. 

Tin; uniform mineral cliaracter of largo masses of granite seems 
lo indicate that large quantities of the com])ouent elements were 
thoroughly mixed up together, and then crystallized under ])rccis(dy 
similar conditions. There are, however, many accidental, or “oc- 
casional,’' minerals, as they arc termed, which belong to granite. 
Among these black schorl or tourinaline, actinolite, zircon, garnet, 
ami fluor spar are not uncommon ; but they arc too sparingly dis- 
persed to modify the general tispect of the rock. They show, never- 
theless, that the ingredients were not everywhere exactly the same; 
and a still greater variation may be traced in tlic ever-varying pro- 
portions of the felspar, quartz, and mica. 

Syenite , — When hornblende is the .substitute for mica, which i.s 
very commonly the ca.se, the rock becomes Syenite; so called from 
the c(‘h‘l)rated ancient quarries of Syene in Egypt. It has all the 
a|)pearanee of ordinary granite, except when mineralogically ex- 
amined in hand specirnen.s, and is fully entitled to rank as a geo- 
logical member of the same ]>lutoiiic family as granite. Syenite, 
however, after maintaining the granitic character throughout ex- 
tensive regions, is not uncommonly found to lose its quartz, and 
to pass insensibly into syenitic greenstone, a rock of the trap family. 
Werner considered syenite as a binary compound of felspar and 
hornblende, and regarded quartz ns merely one of its occasional 
minerals. 
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Syenitic granite ,— quadruple compound of quartz, felspar, 
mica, and lioriibleiidc, may bo so termed. This rock occurs in Scot- 
land and in Guernsey. 

Tulcose granite^ or Protogine of the French, is a mixture of fel- 
spar, quartz, and laic. It abounds in the Alps, and in some parts of 
Cornwall, producing by its decomposition the china clay, more than 
12,000 tons of which are annually exported from that country for 
the potteries.* 

Schorl-rocky and schorly granite . — The former of these is an 
aggregate of schorl, or tourmaline, and quartz. When felspar and 
mica are also present, it may be called schorly granite. This kind of 
granite is comparatively rare. 

Eurite , — A rock in which all the ingredients of granite are blended 
into a finely granular mass. When crystalline, it is seen to contain 
crystals of quartz, mica, common felspar, and soda felspar. Win n 
there is no mica, and when common felspar predominates, so as to 
give it a white colour, it becomes a felspathic granite, called “ white- 
stone ” (Weisstein) by Werner, or LeptynUe by the French, in which 
microscoi>ic crystals of garnet are often present. 

All the^e and other varieties of granite pahS into certain kinds of 
trap — a circumstance which affords one of many arguments in favour 
of what is now the prevailing opinion, that the granites are also of 
igneous origin. The contrast of the most crystalline form of granite 
to that of the most common and earthy trap is undoubtedly great ; 
but each member of the volcanic class is capable of becoming por- 
phyritic, and the base of the porphyry may be more and more crys- 
talline, until the mass passes to the kind of granite most nearly allied 
in mineral composition. 

The minerals wliich constitute alike the granitic and volcanic 
rocks consist, almost exclusively, of seven elements, namely, silica, 
alumina, magnesia, lime, soda, potash, and iron (see Table, p. f)02.); 
and these may sometimes exist in about the same proportions in a 
)»orou8 lava, a compact trap, or a crystalline granite. It may ])er- 
liaps be found, on further examination — for on this subject we have 
yet much to learn — that the presence of these elements in certain 
proportions is more favourable than in others to their assuming a 
crystalline or true granitic structure ; but it is also ascertained by 
experiment, that the same materials may, under different circum- 
stances, form very different rocks. The same lava, for example, 
may be glassy, or scoriaceous, or stony, or porphyritic, according to 
the more or less rapid rate at which it cools ; and some trachytes and 
syoni tic-greenstones may doubtless form granite and syenite, if the 
crystallization take place slowlv. 

It has also been suggested that the peculiar nature and structure 
of granite may be due to its retaining in it that water which is seen 
to escape from lavas when they cool slowly, and consolidate in the 
atmosphere. Boutigny's experiments have shown that melted matter. 


Boasc on Primary Geology, p. 16. 
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at a white heat, requires to have its temperature lowered before it 
can vapourize water ; and such discoveries, if they fail to explain the 
manner in which granites have been formed, serve at least to remind 
us of the entire distinctness of the conditions under which plutonic 
and volcanic rocks must be produced.* 

It would be easy to multiply examples and authorities to prove 
the gradation of the granitic into the trap rocks. On the western 
side of the fiord of Christiania, in Norway, there is a large district 
of trap, chiefly greenstone-porphyry and syeni tic-greenstone, resting 
on fossiliferous strata. To this, on its southern limit, succeeds a 
region equally extensive of syenite, the passage from the volcanic to 
the plutonic rock being so gradual that it is impossible to draw a 
line of demarcation between them. 

“The ordinary granite of Aberdeenshire,” says Dr. MacCulloch, 
“is the usual ternary compound of quartz, felspar, and mica ; but 
sometimes hornblende is substituted for the mica. But in many 
places a variety occurs which is composed simply of felspar and 
hornblende ; and in examining more minutely this duplicate com- 
pound, it is observed in some places to assume a fine grain, and at 
length to become undistinguishable from the greenstones of the trap 
family. It also passes in the same uninterrupted manner into a 
basalt, and at length into a soft claystone, with a schistose tendency 
on exposure, in no respect differing from those of the trap islands of 
the western coast.” The same author mentions, that in Shetland 
a granite composed of hornblende, mica, felspar, and quartz graduates 
. in lui equjilly perfect manner into basalt.f 

In Hungary there are varieties of trachyte, which, geologically 
speaking, are of modern origin, in which crystals, not only of mica, 
but of quartz, are common, together with felspar and hornbletid(\ 
It is easy to conceive how such volcanic masses may, at a certain 
depth from the surface, pass downwards into granite. 

I have already hinted at the close analogy in the forms of certain 
granitic and trappean veins ; and it Avill be found that strata y)ene- 
tratcMl by plutonic rocks have suffered changes very similar to those 
exhibited near the contact of volcanic dikes. Thus, in Glen Tilt, 
in Scotland, alternating strata of limestone and argillaceous schist 
come in contact with a mass of granite. The contact does not 
take place as might have been looked for, if the granite had been 
formed there before the strata were deposited, in which case the 
section would have appeared as in fig. 738. ; but the union is ns 
represented in fig. 739., the undulating outline of the granite 
intersecting different strata, and occasionally intruding itself in 
tortuous veins into the beds of clay-slate and limestone, from 
which it differs so remarkably in composition. The limestone is 
sometimes changed in character by the proximity of the granitic 
niuss or its veins, and acquires a more compact texture, like that of 


* E. de Beaumont, Bulletin, vol. iv.. 2e sOr., pp. 1.118. and 1320. 
t Syst. of Gcol., vol. i. p. 157. and 15S. 
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Fig. 738. Fig. 739. 



Juuctiuii uf granite and argillai'fimg scliibt in (ilcn 
Tilt. (MacCulIuch.) * 


lionistoue or chert, with a splintery fracture, and effervescing freely 
with acids. 

The annexed diagram (fig. 740.) represent.s another junction, in 


Fig. 740. 



.Iniict'oii (if gr.iniie and liine^toiic in GIcmi Tdt. OfarCiilIoch.) 

n. ■'r.init". h. limestone, 

oliie argillaceous bcliist. 

tlic .snmo district, where the granite send.s forth so many veins as to 
relieulate the limestone and .schi.st^ the veins diminishing towards 
their termination to the tliicknes.s of a leaf of ])apcr or a thread. 
Ill >ome places fragments of granite a])pear entangled, as it were, 
in the limestone, and arc not visibly connected with any larger 
ina<>> ; Avhile sometimes, on the other hand, a lump of the lime.^tone 


* Gl’oI. Tniris., First Scries, vol. iii. pi. 21. 
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is found in the midst, of the granite. The ordinary colour of the 
liiiiestono of Gleii Tilt is leml blue, and its texture large-grained 
and highly crystalline ; but where it approximates to the granite, 
particularly Avhere it is penetrated by the smaller veins, the crys- 
tsilline texture disappears, and it assumes an appearance exactly 
resembling that of hornstoiie. The associated argillaceous schist 
ofren passes into hornblende slate, where it approaches very near to 
tli(‘ granite.* 

The conversion of the limestone in these and many other in- 
stances into a siliceous rock, efFervescing slowly w'ith acids, w^ould 
be (litticult of explanation, were it not ascertained that such lime- 
stones are always impure, containing grains of quartz, mica, or felspar 
(lisscmiiiated through them. The elements of these minerals, when 
the rock has been subjected to great heat, may have been fused, and 
so spniad more uniformly through the whole mass.- 

In the plutonic, as in the volcanic rocks, there is every gradation 
from a tortuous vein to the most regular form of a dike, such as 
intersect the tuffs and lavas of Vesuvius and Etna. Dikes of 
granite may he seen, among other places, on the soutlieru flank of 
Mount Battock, one of the Grampians, the opposite w^alls sometimes 
preserving an exact [»arallelisni for a considerable distance. 

As a general rule, however, granite veins in all quarters of tlie 
globe are more sinuous in their course than tliosc of trap. They 
present similar shapes at the most nor them point of Scotland, and 
the soutlierninost extremity of Africa, as the annexed drawings 
will .sliow% 


Fjiy Til. 



Fig. 742. 



fins tra\er‘mg gnolss. Cape rath. 
(MarCullocii.) ^ 


Tt is not uncommon for one set of granite vein.< to intersect 
anoilier ; and sometimes there are three sets, as in the environs 
of Heidelberg, wlicrc the granite on the hanks of the river Necker 
is seen to consist of three varieties, differing in colour, grain, and 

* ^lacCidloch, Gcol. Trans., vol. iii. Edinlnirgli, vol. vii. 
p. ‘J.59. t AVestorn Tsslaiul.*;, pi. 31. 

t Ciipr. R. Hull, Trans. Roy. Soi. 
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various peculiarities of mineral composition. One of these, which 
is evidently the second in age, is seen to cut through an older 
granite ; and another, still newer, traverses both the second and the 
first. 

In Shetland there are two kinds of granite. One of them, com- 
posed of hornblende, mica, felspar, and quartz, is of a dark colour, 
and is seen underlying gneiss. The otjier is a red granite, which 
penetrates the dark variety everywhere in veins.* 

The accompanying sketches will explain the manner in which 
granite veins often ramify and cut each other (figs. 743 and 744.), 


Fig. 743. 



Gr.'initc vcini traversing gneiss at Cape Wrath, in Scotland. (MacCulloch.) 


They represent the manner in which the gneiss at Cape Wrath, in 
Sutherlandshire, is intersected by veins. 'J'heir light colour strongly 
contrasted with that of the hornblende-schist, here associated with 
the gneiss, renders them very conspicuous. 

Granite very generally assumes a finer grain, and undergoes a 
change in mineral composition, in the veins which it sends into con- 
tiguous rocks. Thus, according to Professor Sedgwick, the main 
body of the Cornish granite is an aggregate of mica, quartz, and 
fels|)ar ; but the.veins are sometimes without mica, being a granular 
aggregate of quartz and felspar. In other varieties quartz prevails 
to the almost entire exclusion both of felspar and mica ; in others, 
the mica and quartz both disappear, and the vein is simply composed 
of white granular felspar.f 

Pig. 744. is a sketch of a group of granite veins in Cornwall, 
given by Messrs. Von Oeynhaus^n and Von Dechen.f The main 
body of the granite hero is of a porphyrytic appearance, with large 
crystals of felspar ; but in the veins it is fine-grained, and without 
these large crystals. Tlie general lieight of the veins is from 16 to 
20 feet, but some are much higher. 

In the Valorsine, a valley njt far from Mont Blanc in Savoy, an 
ordinary granite, consisting of felspar, quartz, and mica, sends forth 
veins into a talcose gneiss (or stratified protogine), and in some 

* MacCulloch, Syst. of Gcol., vol. i. vol. i. p. 124. 
p. •‘>8. t Phil. Mag. and Annals, No. 27., 

■f On Geol. of Cornwall. Cainb. Trans., new scries, March, 1829. 
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Fig. 744.1 



Granite vcini passing through hornblende slate, CamsilTer Cove, Cornwall. 


places lateral ramifications are thrown off from the principal veins at 
right angles (see fig. 745.), the veins, especially the minute ones, 
being finer grained than the granite in mass. 

^It is here remarked, that the schist and granite, as they approach, 
seem to exorcise a reciprocal influence on each other, for both 


Fig. 745. 



Veins of granite in talcose gneiss. 
(L. A. Necker.) 


undergo a modification of mineral character. The granite, still 
remaining unstratified, becomes charged with green particles ; and 
the talcose gneiss assumes a granitiform structure without losing its 
stratification.* 

Professor Keilhau drew my attention to several localities in the 
country near Christiania, where the mineral character of gneiss 
appears to have been affected by a granite of much newer origin, 
for some distance from the point of contact. The gneiss, without 
losing its laminated structure, seems to have become charged with a 
larger quantity of felspar, and that of a redder colour, than tlio 
felspar usually belonging to the gneiss of Norway. 

Granite, syenite, and those porphyries which have a granitiform 
structure, in short all plutonic rocks, are frequently observed to 
contain metals, at or near their junction with stratified formations. 

* Nccker, Sur la Val de Valorsine, 1828. I visited, in 1832, the spot ro- 
Mcin. de la Soc. de Pliys. de Geneve, Verred to in fig. 745. 
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On the other hand, the veins which traverse stratified rocks are, as 
a general law, more metalliferous near such junctions than in other 
positions. Hence it has been inferred that these metals may have 
been spread in a gaseous form through the fused mass, and that the 
contact of another rock, in a different state of temperature, or some- 
times the existence of rents in other rocks in the vicinity, may have 
caused the sublimation of the metals.* 

There are many instances, as at Markerud, near Christiania, in 
Norway, where the strike of the beds has not been deranged 
throughout a large area by the intrusion of granite, both in large 
masses and in veins. This fact is considered by some geologists to 
militate against the theory of the forcible injection of granite in a 
fiuid state. But it may be stated in reply, that ramifying dikes of 
trap also, which almost all now admit to have been once fiuid, pass 
through the same fossiliferous strata, near Christiania, without 
deranging their strike or dip.f 

The real or apparent isolation of large or small masses of granite 
detached from the main body, as at a, &, fig. 746., and above, fig. 
739., and a, fig. 745., has been thought by some writers to be irye- 


Flg. 746. 



General tiew of junction of granite and schist of the.ValorsIne* 

(L. A. Necker.) 

concilable with the doctrine usually taught respecting veins; but 
many of them may, in fact, be sections of root-shaped prolongations 
of granite ; while, in other cases, they may in reality be detached 
portions of rock having the plutonic structure. For there may 
have been spots in the midst of the invaded strata, in which there 
was an assemblage of materials more fusible than the rest, or more 
fitted to combine readily into "ome form of granite. 

Veins of pure quartz are often found in granite as in many 
stratified rocks, but they are not traceable, like veins of granite or 
trap, to large bodies of rock of similar composition. They appear 
to have been cracks, into which siliceous matter was infiltered. 
Such segregation, as it is called, can sometimes be shown to have 
clearly taken place long subsequently to the original consolidation 
of the containing rock. Thus, for example, I observed in the 
gneiss of Tronstad Strand, near Drammcn, in Norway, the annexed 

* Necker, Proceedings of Gcol. Soc., t See Eeilhau’s Gaea Norvcgica ; 
No. 26. p. 392. * Cbristiania, 1838. 
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Bcction on the beach. It appears that the alternating strata of 
whitish granitiform gneiss and black hornblende-schist were first cut 
through by a greenstone dike, 
about 2J feet wide ; then the Grrjpintone 

crack a h passed through nil 
these rocks, and was filled up 
with quartz. The opposite 
walls of the vein are in some 
parts incrusted with trans- 
parent crystals of quartz, the 
middle of the vein being filled' 
up with commcjji opaque white 
quartz.. 

Wo have seen that the vol- Quartz vrln paMing throuRh gnrtss and J^reen. 

canie formations have been «tone. Trouzlad strand, near Chriziuma. 

called overlying, because they not only penetrate others but spread 
over them. M. Necker has proposed to call the granites the 
underlying igneous rocks, and the distinction here indicated is 
highly characteristic. It was indeed supposed by some of the 
earlier observers, that the granite of Christiania, in Norway, was 
intercalated in mountain masses between the primary or palaeozoic 
strata of that country, so as to overlie fossiliferous shale and lime- 
stone. But although the granite sends veins into these fossiliferous 
rocks, and is decidedly posterior in origin, its actual superposition 
in mass has been disproved by Professor Keilhau, whose obser- 
vations on this controverted point I had opportunities in 1837 of 
verifying. There are, however^ on a smaller scale, certain beds of 
eiiritic porphyry, some a few feet, others many yards in thickness, 
which pass into granite, and deserve perhaps to be classed as 
phnonic rather than trappean rocks, which may truly be described 
as interposed conformably between fossiliferous strata, as the ])or- 
]>hyries (re, c, fig. 748.), which divide the bituminous shales and 

Fig. 748; 


J- 




argillaceous limestones, y* /I But some of these same porphyries are 
partially unconforniable, as by and may lead us to suspect that the 
others also, notwithstanding their appearance of interstratification, 
have been forcibly injected. Some of the porphyritic rocks above 
ineutioued ni’C highly quartzose, others very felspathic. In pro- 
])ortion as the masses are more voluminous, they become more 
granitic in their texture, less conformable, and even begin to send 
forth veins into contiguous strata. In a word, we have here a 
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beautiful illustration of the intermediate gradations between volcanic 
and plutonic rocks, not only in their mineralogical composition and 
structure, but also in their relations of position to associated form- 
ations. If the term “overlying” can in this instance be applied to a 
plutonic rock, it is only in proportion as that rock begins to acquire 
a trappenn aspect. 

It has been already hinted that the heat, which in <every active 
volcano extends downwards to indefinite depths, must produce 
simultaneously very different effects near the surface and far below 
it : and wo cannot suppose that rocks resulting from the crystal- 
lizing of fused matter under a pressure of several thousand feet, 
much less miles, of the earth’s crust can resemble those formed at or 
near the surface. Hence the production at great (^pths of a class 
of rocks analogous to the volcanic, and yet differing in many par- 
ticulars, might also have been predicted, even had we no plutonic 
formations to account for. How well those agree, both in their 
positive and negative characters, with the theory of their deep 
subterranean origin, the student will be able to judge by considering 
the descriptions already given. 

It has, however, been objected, that if the granitic and volcanic 
rocks were simply different parts nf one great series, we ought to 
find in mountain chains volcanic dikes passing upwards into lava 
and downwards bito granite. But we may answer that our vertical 
sections are usually of small extent ; and if we find in certain places 
a transition from trap to porous lava, and in others a ptassage from 
granite to trap, it is as much as could be expected of this evidence. 

The prodigious extent of denudation which has been already d(j- 
monstrated to have occurred at former periods, will reconcile the 
student to the belief that crystalline rocks of high antiquity, al- 
though deep in the earth’s crust when originally formed, may have 
become uncovered and exposed at the surface. Their actual ele- 
vation above the sea may be referred to the same oaascs to which 
we have attributed the upheaval of marine strata, even to the 
summits of some mountain chains. But to these and other topics I 
shall revert when speaking, in the next chapter, of the relative ages 
of different masses of granite. 
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CHAPTER XXXIV. 

ON THE DIFFERENT AGES OP THE PLUTONIC ROCKS. 

• 

Difficulty in ascertaining the precise age of a pliitonic rock— Test of ngc by relative 
position — Test by intrusion and alteration — Test by mineral composition — 
Test by included fragments — Kceont and Pliocene platonic rocks, why invisible 
— Tertiary plutOnic rocks in the Andes — Granite altering Cretaceous rocks — 
Grunitc altering Lias in the Alps- and in Skye — Granite of Dartmoor altering 
Carboniferous strata — Granite of^thc Old Red Sandstone period — Syenite 
altering Silurian .strata in Norway — Blending of the same with gneiss— Most 
iincicnt pliitonic rocks — Granite protruded in a solid form— On the probable age 
of the granites of Arrani in Scotland. 

When we adopt the igneous theory of granite, as explained in the 
lii.st chapter, and believe that different pliitonic rocks have originated 
at successive periods beneath the surface of the planet, we inu.st be 
])repared to encounter greater difficulty in ascertaining the precise 
age of such rocks, than in the case of vulcanic and fossiliferous form- 
ations. We must bear in mind, that the evidence of the age of 
each contemporaneous volcanic rock was derived, either from lavas 
]>oured out upon the ancient surface, whether in the sea or in the 
atmoj^phere, or from tuffs and conglctnerates, also deposited at the 
.^^iirface, and cither containing organic remains themselves, or inter- 
calated between strata containing fossils. But all these tests fail 
when we endeavour to fix the chronology of a rock which lias crys- 
tallized from a statii of fusion in the bowels of the earth. In that 
case, we are reduced to the following tests : 1st, relative position ; 
2illy, intrusion, and alteration of the rocks in contact ; 3dly, mineral 
characters ; 4thly, included fragments. 

Test of age by relative position, — Unaltered fossiliferous strata of 
every age sire met with reposing immediately on plutonic rocks ; as 
at Christiania, in Norway, where the Post-pliocene deposits rest on 
granite ; in Auvergne, where the freshwater Miocene strata, and 
at Heidelberg, on the Rhine, where the New Red sandstone occupy 
a similar place. In all these, and similar instances, inferiority in 
po.sition is connected with the superior antiquity of granite. The 
crystalline rock was solid before the sedimentary beds were super- 
irnposiid, and the latter usually contain in them rounded pebbles of 
the subjacent granite. 

Test by intrusion and alteration. — But when plutonic rocks send 
veins into strata, and alter them near the point of contact, in tlie 
manner before described (p. 701.), it is clear that, like intrusive 
traps, t]i(?y are newer than the strata which they invade and alter. 
Examples of the application of this test will be given in the sequel. 
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Test hy mineral composition Notwithstanding a general uni- 

formity in the aspect of plu tonic rocks, wo have seen in the last chap- 
ter that there are many varieties, such as Syenite, Talcose granite*, 
and others. One of these varieties is sometimes found exclusively 
prevailing throughout an extensive region, where it preserves a 
homogeneous character ; so that, having ascertained its relative ago 
in one place, we can easily recognize its identity in others, and thus 
determine from a single section the chronological relations of largo 
mountain masses. Having observed, for example, that the syenitio 
granite of Norway, in which the mineral called zircon abounds, has 
altered the Silurian strata Avherever it is in contact, wo do not 
hesitate to refer other masses of the same zircon-syenite in the south 
oi* Norway to the same era. 

Some have imagined that the age of different granites might, to a 
great extent, be determined by their mineral characters alone ; syenite, 
f)r instance, or granite with hornblende, being more modern tlinii 
common or micaceous granite. But modern investigations have proved 
these generalizations to have been premature. The syenitic granite 
of Norway already alluded to may be of the same age as the Silurian 
strain, whicli it traverses and alters, or may belong to the Old I^mI 
sandstone period; whereas the granite of Dartmoor, although (‘on- 
si sting of mica, quartz, and felspar, is newer than the coal. (See 
p. 716.) 

Test h]f included fragments. — This criterion can rarely bo of much 
importauee, because the fragments involved in granite arc usually so 
much altered, that they cannot be referred with certainty to the rocks 
whence they were deriv(jd, tin the White Mountains, in North 
America, according to Profes.sor Hubbard, a granite vein, traversing 
graiiih;, contains fragments of slate arnl trap whicli must have fallen 
into the lissure when the fused materials of the vein w'ore injected 
from below*, and thus the granih*. is shown to be newer than certain 
sup(*rficial slaty and trappean formations. 

Recent and Pliocene piuionic rochs^ why mvisihle. — The explana- 
tions already given in the 29th and in the last chapter of the probable 
relation of the plutonic to the volcanic formations, will naturally lead 
file reader to infer, that rocks of the one class can never be produced 
at or near the surface without some members of the other b(‘iiig 
formed below simultaneously, or soon afterwards. It is not uiicoin- 
moii for lava-str(*ams to recpiir^ more than ten years to cool in the 
open air ; and where they are of great depth, a much longer period. 
Tlu* melted matter poured from Jonillo, in Mexico, in the year 1759, 
which accumulated in some places to the height of 550 feet, w^as 
found to retain a high temperature half a century aft('r the eruption. f 
We may conceive, therefore, i!iat great masses of subterranean lava 
may remain in a red-hot or incandescent state in tlie volcanic foci 
fur immense periods, and the process of refrigeration may be (‘x- 
tremoly gradual. Soineliiiies, indeed, tliis process may bo retarded 


* Sillimau’s Jouni., No. 69- p. 123. 


t See “ IVincipJcs/’ Indcx^ “Jorullo,’ 
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for an indefinite period, by the accession of fresh supplies of lieat ; 
lor we find that the lava in the crater of Stroiiiboli, one of the Lipari 
Islands, has been in a state of constant ebullition for the last two 
thousand years ; and we may suppose this fluid mass to communicate 
with some caldron or reservoir of fused matter below. In tlic Isle 
of Bourbon, also, where there has been an emission of lava once in 
(wery two years for a long period, the lava below can scarcely fail to 
have been permanently in a state of liquefiiction. If then it be a 
reasonable conjecture, that about 2000 volcanic eruptions occur in 
the course of every century, either above the waters of the sea or 
beneath them*, it will follow, that the quantity of plutonic rock 
generated, or in progress during the Recent epoch, must already ha\ e 
been considerable. 

But as the plutonic rocks originate at some depth in the eartlfs 
crust, they can only be rendered accessible to human observation, by 
subsequent upheaval and denudation. Between the period Avhen a 
plutonic rock crystiillizcs in the subterranean regions and the era of 
its protrusion at any single point of the surface, one or two geological 
periods must usually intervene. Hence, wo must not expect to find 
the Recent or even the Pliocene granites laid open to view, unless 
we arc prepared to assume that sutricient time has clajxsed since 
the commencement of the Pliocene period for great upheaval and 
denudation. A plutonic rock, therefore, must, in general, be of con- 
siderable antiquity relatively to the fossiliferous and volcanic forma- 
tions, before it becomes extensively visible. As we know that the 
upheaval of land has been sometimes accompanied in South America 
by volcanic eruptions and the emission of lava, we may conceive the 
more ancient plutonic rocks to be forced upwards to the surface by 
the newer rocks of the same class formed successively b(?low, — sub- 
terposition in the plutonic, like superposition in the sedimentary 
rocks, being usually characteristic of a newer origin, 

Li the accompanying diagram (fig. 749.), an attempt is made to 
show the inverted order in whiejj sedimentary and plutonic forma- 
tions may occur in the earth’s crust. 

The oldest plutonic rock, No. L, has been upheaved at successive 
periods until it has become exposed to view in a mountain-chain. 
This protrusion of No. L has been caused by the igneous agency 
which produced the newer plutonic rocks Nos. II. III. and IV, 
Part of the primary fossiliferous strata, No. 1., have also been raised 
to the surface by tlu5 same gradual process. It will be observed that 
the Recent strata No. 4. and the Recent granite or plutonic rock 
No. IV. are the most remote from each other in position, although 
of contemporaneous date. According to this hypothesis, the con- 
vulsions of many periods will bo required before Recent or Post- 
tertiary granite will be upraised so as to form the highest ridges 
and central axes of mountain-chains. During that time the Recent 


• “Principles,” Indcx^ “ Volcanic Eruptions.” 
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strata No. 4. might be covered by a great many newer sedimentary 
formations. 

Eocene granite and plutonic rocks . — In a former part of this 
volume (p. 304.), the great nummulitic formation of the Alps and 
Pyrenees was referred to the Eocene period, and it follows that those 
vast movements which have raised fossiliferous rocks from the level 
of the sea to the height of more than 10,000 feet above its level 
have taken place since the commencement of the tertiary epoch. 
Here, therefore, if anywhere, wo might expect to find hypogeno 
formations of Eocene date breaking out in the central axis or most 
disturbed region of the loftiest chain in Europe. Accordingly, in 
the Swiss Alps, even \h(i flysch^ or upper portion of the nummulitic 
series, has been occasionally invaded by plutonic rocks, and converted 
into crystalline schists of the hypogene class. There can bo little 
doubt that even the talcoso granite or gneiss of Mont Blanc itself has 
b<;en in a fused or pasty state since the flysch was deposited at the 
bottom of tho sea ; and the question as to its age is not so much 
whether it bo a secondary or tertiary granite or gneiss, as whether it 
should be assigned to the Eoceno or Miocene epoch. 

Great upheaving movements have been experienced in the region 
of tho Andes, during tho Post- tertiary period. In some part, there- 
fore, of this chain, we may expect to discover tertiary plutonic rocks 
laid open to view. What wo already know of the structure of tho 
Chilian Andes seems to realize this expectation. In a transverse 
section, examined by Mr. Darwin, between Valparaiso and Mendoza, 
the Cordillera was found to consist of two separate and parallel 
chains, formed of sedimentary rocks of different ages, the strata in 
both resting on plutonic rocks, by which they have been altered. 
Ill the western or oldest range, called tho Peuquenes, are black cal- 
careous clay-slates, rising to the height of nearly 14,000 feet above 
the sea, in which are shells of tho genera Gryphoiay Turritella^ TV- 
rehratnla^ and Ammonite. These rocks are supposed to be of tho 
ago of the central parts of tho secondary series of Europe. They 
are penetrated and altered by dikes and mountain masses of a plu- 
tonic rock, which has the texture of ordinary granite, but rarely 
contains quartz, being a compound of albite and hornblende. 

Tho second or eastern chain consists chiefly of sandstones and 
conglomerates, of vast thickness, the materials of which are derived 
from the ruins of the western chain. Tho pebbles of tho conglome- 
rates are, for tho most part, rounded fragments of the fossiliferous 
slates before mentioned. Tho resemblance of tho whole series to 
certain tertiary deposits on tho shores of the Pacific, not only in 
mineral character, but in tho imbedded lignite and silicified woods, 
leads to tho conjecture that they also are tertiary. Yet these strata 
arc not only associated with trap rocks and volcanic tuffs, but are also 
altered by a granite consisting of quartz, felspar, and talc. They aro 
traversed, moreover, by dikes of the same granite, and by numerous 
veins of iron, copper, arsenic, silver, and gold ; all of which can bo 
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traced to tlie underlying granite.* We have, therefore, strong 
ground to presuino that the plutonic rock here exposed on a largo 
scale in the Chilian Andes is of later date than certain tertiary 
formations. 

Ihit the theory adopted in this work of the subterranean origin of 
the hypogene formations would be untenable, if the supposed fact 
hero alluded to, of the appearance of tertiary granite at the surface, 
was not a rare exception to the general rule. A considerable lapse 
of time must intervene between the formation of plutonic and meta- 
morphic rocks in the nether regions, and their emergence at the sur- 
face. For a long series of subterranean movements must occur 
before such rocks can bo uplifted into the atmosphere or the ocean ; 
and, before they can be rendered visible to man, some strata which 
previously covered them must usually have been stripped off by de- 
nudation. 

We know that in the Bay of Baise in 1538, in Cutch in 1819, 
and on several occasions in Peru and Chili, sinc<j the commencement 
of the present century, the permanent upheaval or subsidence of land 
has been accompanied by the simultaneous emission of lava at one or 
more points in the same volcanic region. From these and other 
examples it may be inferred that the rising or sinking of the earth’s 
crust, operations by which sea is converted into land, and land into 
sea, fire a part only of the consequences of subterranean igneous 
action. It can scarcely be doubted that this action consists, in a great 
degree, of the baking, and occasionally the liquefaction, of rocks, 
causing them to assume, in some cases a larger, in others a smalhi* 
volume than before the application of heat.. It consists also in the 
generation of gases, and their expansion by heat, and the injection 
of liquid matter into rents formed in superincumbent rocks. The 
])r<)digious scale on which these subterranean causes have operated 
in Sicily since the deposition of the Newer Pliocene strata will be 
appreciated, when wo remember that throughout half the surface of 
that island such strata arc met with, raised to the height of from 50 
to that of 2000 and even 3000 feet above the level of the sea. In 
the same island also the older rocks which are contiguous to these 
marine tertiary strata must have undergone, within the same period, 
a similar amount of upheaval. 

The like o})servations may be extended to nearly the whole of 
Europe, for, since the comme: cement of the Eoceno period, the 
entire European area, including some of tho central and very lofty 
portions of tho Alps themselves, as I have elsewhere shown f, has 
with tho exception of a few districts, emerged from the deep to its 
present altitude ; and oven those tracts whidi were already diy land 
before the Eocene era have, in many cases, acquired additional 
height. A large amount of subsidence has also occurred during the 
same period, so that the extent of the subterranean spaces which have 

• Darwin, pp. 390. 400. ; second edi- f See map of Europe and explana- 
tion, p. 319. tion, in Principles, book i. 
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either hccomo tho receptacles of sunken fragments of the earth’s 
crust, or have been rendered capable of supporting other fragments 
at a much greater height than before, must be so great that they 
j)robably equal, if not exceed in volume, the entire continent of 
Europe. Wo are entitled, therefore, to ask what amount of change 
of equivalent importance can be proved to have occurred in IIhj 
earth’s crust within an equal quantity of time anterior to tho Eocene 
e|)och. They who contend for tho more intense energy of subter- 
ranc‘an causes in tho remoter eras of tho earth’s history may find 
it more dillicult to give an answer to this question than they anti- 
cipated. 

The principal effect of volcanic action in the nether regions during 
tlic tertiary period seems to have consisted in the uph(*aval to tJie 
surface of hypogeno formations of an age anterior to the carboni- 
ferous. The repetition of another series of movements, of equal vio- 
lence, might upraise the plutonic and metamorphic rocks of many 
secondary periods ; and, if the same force should still continue to act, 
tlie next convulsions might bring up to the day the tertum/ ami 
recent hypog(‘ne rocks. In the course of such changes many of (ho 
existing sedimentary strata ‘would suffer greatly by deiiiidatioii, 
otlicrs might assume a metamorphic structure, or become melted 
down into plulonic and volcanic rocks. Meanwhile the deposition 
of a vast thickness of new strata would not fail to tak(5 place during 
iluj upheaval and partial destruction of the old(T rooks. But T must 
rtder tho n'ader to tlie last cluipter but one of this volume for a 
full(*r explanation of these views. 

Crclavvom period . — It will bo shown in the next chapter that 
chalk, as well as lias, has been altered by granite in tlie eastiun 
Pyrenees. Whether such granite be cretaceous or tertiary can not 

easily be decided. Suppose b, c, r/, iig. 
7o0., to bo three memlxjrs of tlu^ Cn'- 
taceous scries, the lowiist of which, /y, 
has been altered by the granite A, tho 
modifying influence not having ex- 
tended so far as c, or having but 
slightly affected its loAvest beds. Now 
it can rarely be possible for the geolo- 
gi>t to decide whether the lx»ds d existiul at tho time of the intrusion 
nf A, and alteration of h and^, or whether they were subsequently 
thrown down upon c. 

Hut as some Cretaceous and even tertiary rocks have been rais(*d 
to the height of more than 9000 feet in the Pyrenees, we must not 
assume that plutonic formations of tho same periods may not have 
Ix'en brought up and exposed by denudation, at the height of 2000 
or .3000 feet nn tho flanks of that chain. 

Period of Oolite and Lias . — In the Department of the Hautes 
Alpes, in France, M. Elie de Heauniont traced a black argilla- 
<*t*<>us limestone, charged with bclemnites, to within a few yards of 
a mass of granite. Here the limestone begins to put on a granular 
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texture, but is extremely fine-grained. When nearer the junction it 
becomes grey, and has a saccharoid structure. In another locality, 
near Champoleon, a granite composed of quartz, black mica, and 
rose-coloured felspar is observed partly to overlie the secondary 
rocks, producing an alteration which extends for about 30 feet 
downwards, diminishing in the beds which lie farthest from the 

granite. (See fig. 751.) In 



Junction of granite with Jurassic or Oolite strata in the 
Alps, near Champoleon. 


the altered mass the argil- 
laceous beds are hardened, 
the limestone is saccharoid, 
the grits quartzose, and in 
the midst of them is a 
thin layer of an imperfect 
granite. It is also an im- 
portant circumstance that 
near the point of contact, 
both the granite and the 
secondary rocks become 
metalliferous, and contain 
nests and small veins of 
blende, galena, iron, and 
copper pyrites. The si ra- 
ti lied rocks become harder 
and more crystalline, but 


the granite, on the contrary, softer and less perfectly crystallized 
near the junction.* 

Although the granite is incumbent in the above section (fig. 751.), 
we cannot assume that it overflowed the strata, for the disturbances 
of the rocks are so great in this part of the Alps that their original 


position is often inverted. 

A considerable mass of syenite, in tho Isle of Skye, is described by 
])r. MacCulloch as intersecting limestone and shale, which arc of tlio 
age of the lias.f The limestone, which at a greater distance from 
tiie granite contains shells, exhibits no traces of them near its 
junction, vrhero it has been converted into a pure crystalline marble.f 
At Predazzo, in the Tyrol, secondary strata, some of which arc 
limestones of the Oolitic period, have been traversed and altered by 
plutonlc rocks, one portion of which is an augitic porphyry, which 
passes insensibly into granite, '^ho limestone is changed into gra- 
nular marble, with a band of serpentine at the junction.§ 

Carboniferous period. — The granite of Dartmoor, in Devonshin?, 
was formerly supposed to be one of the most ancient of tho plutonic 
rocks, but is now ascertained to bo posterior in date to the culm- 
measures of that county, which from their position, and, as containing 


* Elie do Beaumont, sur Ics Mon- { Western Islands, vol. i. p. 330. 
tagnes de I’Oisans, &c. Mum. do la plate 18., figs. 3, 4. 

Soc. d’Uist. Nat. dc Paris, tom. v. § VouBuch, Annalcs dc Cbimie, &c. 

f Murchison, Gcol. Trans. 2d series, 
vol. ii. port ii. pp. 311—321. 
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true coal-plants, are regarded by Professor Sedgwick and Sir R. 
Murchison as members of the true carboniferous series. This granite, 
like the syenitic granite of Christiania, has broken through the stra- 
tified formations without much changing their strike. Hence, on tlio 
nortli-wcst side of Dartmoor, the successive members of the culm- 
nieabures abut against the granite, and become metamorphic as they 
approach. These strata are also penetrated by granite veins, and 
plutonic dikes, called “ elvans.” * The granite of Cornwall is pro- 
bably of the same date, and, therefore^ as modern as the Carbo- 
niferous strata, if not newer. 

Silurian period . — It has long been known that the granite near 
Christiania, in Norway, is of newer origin than the Silurian strata of 
tliat region. Von Buck first announced, in 1813, the discovery of its 
posteriority in date to limestones containing orthocerata and trilobitcs. 
The proofs consist in the penetration of granito veins into the sliale 
and limestone, and the alteration of the strata, for a considerable dis- 
tance from the point of contact both of thcAO veins and the central 
mass from which they emanate. (See p. 707.) Von Buch supposed 
that the plutonic rock alternated with the fossilifcrous strata, and 
that largo masses of granite were sometimes incumbent upon tlie 
strata ; but this idea was erroneous, and arose from the fact that the 
beds of shale and limestone often dip towards the granite up to the 
point of contact, appearing as if they would pass under it in mass, as 
at a, fig. 7*52., and then again on the oppoliite side of the same 
mountain, as at 6, dip away from the same granite. When the 
junctions, however, are carefully examined, it is found that the plu- 
tonic rock intrudes itself in veins, and nowhere covers the fossilifcrous 
strata in largo overlying masses, as is so commonly the case witli 
trappean formations.f 

Fig. 762. 



Silurian. Granite. Silurian strata. 


Now this granito, which is more modern than tlie Silurian strata of 
Norway, also sends veins in the same country into an ancient forma- 
tion of gneiss ; and the relations of the plutonic rock and the gneiss, 
at their junction, are full of interest when we duly consider the wide 
difference of epoch which must have separated their origin. 

The length of this interval of time is attested by the following 
facts: — The fossilifcrous, or Silurian, beds rest uncon formably 
upon the truncated edges of the gneiss, the inclined strata of which 
had been denuded before the sedimentary beds were superimposed 

* Proceed. Geol. Soc., vol. ii. p. 662.; works of Keilhau, with whom I cx- 
aiid Trans. 2d scr. vol. v. p. 686. amined this country, 

t See the Guca Non'cgica and other 
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Fig. 753. 



(•ranitc sending veins into Silurian strata and Gneiss. Christiania, Norway. 

(soe fig. 753.). The signs of denudation are twofold; first, the 
surface of the gneiss is seen occasionally, on the removal of the 
newer beds, containing organic remains, to be worn and smoothed ; 
secondly, p(*bbles of gneiss have been found in some of these Silurian 
strata. Between the origin, therefore, of the gneiss and the granite 
there intervened, first, the period when the strata of gneiss were 
denuded ; secondly, the period of the deposition of the Silurian de- 
posits. Yet the granite produced after this long interval is often so 
intimately blended with the ancient gneiss, at the point of junction, 
that it is impossible to draw any other than an arbitrary line of 
separation between them ; and where this is not the case, tortuous 
veins of granite pass freely through gneiss, ending sometimes in 
threads, as if the older rock had offered no resistance to their passage. 
These appearances may probably be due to hydrothermal action (sec 
below, p. 731.). I shall merely observe in this place that had such 
junctions alone been visible, and had we not learnt, from other 
sections, liow long a period elapsed between tlie consolidation of the 
gneiss and the injection of this granite, we might have suspected 
that the gneiss was scarcely solidified, or had not yet assumed its 
complete metamorphic character when invaded by the plutonic rock. 
From this example wc may learn how impossible it is to conjecture 
whether certain grjinites in Scotland, and other countries, which 
send veins into gneiss and other metamorphic rocks, are primary, or 
whether they may not belong to some secondary or tertiary period. 

Oldest granites , — It is not half a century since the doctrine Avas 
very general that all granitic rocks were primitive, that is to say, that 
they originated before the deposition of the first sedimentary strata, 
and before the creation of organic beings (see above, p. 9.). But so 
greatly arc our views now changed, that we find it no easy task to 
point out a single mass of granite demonstrably more ancient than all 
the knoAvn fossiliferous deposits. Could we discover some Lower 
Cambrian strata resting immediately on granite, there being no alter- 
ations at the point of contact, nor any intersecting granitic veins, Ave 
might then affirm the plutonic rock to have originated before the 
oldest knoAvn fossiliferous strata. Still it would be presumptuous, 
as Ave have already pointed out (p. 582.), to suppose that when a 
small part only of the globe has been investigated, we are acquainted 
with the oldest fossiliferous strata in the crust of our planet. Even 
when these arc found, wc cannot assume that there never were any 
antecedent strata containing organic remains, which may have 
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become mctamorphic. If we find pebbles of granite in a conglo- 
merate of the Lower Cambrian system, wo may tJien feel assured that 
the parent granite was formed before the Lower Cambrian formation. 
But if the incumbent strata be mendy Silurian or Upper Cambrian, 
the fundamental granite, although of high antiquity, may be posterior 
ill date to known fossiliferous formations. 

Protrusion of solid granite . — In part of Sutherlandshire, near 
Brora, common granite, composed of felspar, quartz, and mica, is in 
immediate contact with Oolitic strata, and has clearly been elevated 
to the surface at a period subsequent to the deposition of those strata.* 
I*rofessor Sedgwick and Sir R. Murchison conceive that this granite 
has been upheaved in a' solid form ; and that in breaking through the 
biibmarine deposits, with which it waff not perhaps originally in con- 
tact, it has fractured them so as to form a breccia along the line of 
junction. Tliis breccia consists of fragments of shale, sandstone, and 
limestone, with fossils of the oolite, all united together by a calcareous 
cement. The secondary strata, at some distance from the granite, 
arc but slightly disturbed, but in proportion to their proximity the 
amount of dislocation becomes greater. 

If we admit that solid hypogene rocks, whether stratified or un- 
stratified, have in such cases been driven upwards so as to pierce 
through yielding sedimentary deposits, we shall be enabled to account 
for many geological appearances otherwise inexplicable. Thus, for 
example, at Weinbbhla and llohnstein, near Meissen, in Saxony, a 
mass of granite has been observed covering strata of the Cretaceous 
and Oolitic periods for the space of between 300 and 400 yards 
square. It appears clearly from a memoir of Dr. B, Cotta on this 
.subject f, that the granite was thrust into its actual position when 
solid. There are no intersecting veins at the junction, — no alteration 
as if by heat, but evident signs of rubbing, and a breccia in some 
places, in which pieces of granite are mingled with broken fragments 
of the secondary rocks. As the granite overhangs both the lias and 
chalk, so the lias is in some places bent over strata of the cretaceous era. 

Relative age of the granites of Arran, — In this island, the largest 
in the Firth of Clyde, being twenty miles in length from north to 
south, the four great classes of rocks, the fossiliferous, volcanic, plu- 
tonic, and metamorphic, are all conspicuously displayed within a 
very small area, and with their peculiar characters strongly con- 
trasted. In the north of the island the granite rises to the height 
of nearly 3000 feet above the sea, terminating in mountainous peaks. 
(Sec section, fig. 754.). On the fianks of the same mountains are 
chloritic-schists, blue roofing-slate, and other rocks of the metamor- 
phic order (No. 1.), into which the granite (No. 2.) sends veins. 
This granite, therefore, is newer than the hypogene schists (No. 1.), 
which it penetrates. 

These schists are highly inclined. Upon them rest beds of con- 

* Murchison, Geol. Trans., 2d scries, t Geognostischc Wandcningcn, Leip- 
vol ii. p. 307 1838. 



720 


AGE OF THE GRANITES. 


[Ch. XXXIV. 


glomerate and sandstone (No. 3.), which are referable to the Old 
Red formation, to which succeed various shales and limestones 
(No. 4.) containing the fossils of the Carboniferous period, upon 
which are other strata of sandstone and conglomerate (the higher 
beds of No. 4.), in which no fossils have been met with. These are 
perhaps carboniferous, tTiough it has been conjectured that they may 
belong to the New Red Sandstone, or at least to some part of the 
Poikilitic period. All the preceding formations are cut through by 
the volcanic rocks (No. 6.), which consist of greenstone, basalt, 
])itchstone, felstone and other varieties. These appear either in the 
form of dikes, or in dense masses from 50 to 700 feet in thickness, 
overlying the strata (No. 4.). In one regidTi, at Ploverfield, in Glen 
Cloy, a fine-grained granite (5 a) is seen to send veins through the 
sandstone or the upper strata of No. 4. This interesting discovery 
of granite in the southern region of Arran, at a point where it is 
separated from the northern mass of the same rock by a great thick- 
ness of secondary strata, was made by M. L. A. Necker of Geneva, 
during his survey of Arran in 1839. Dr. MacCulloch had long be- 
fore ])ointed out that in the granitic nucleus of the north there were 
two distinct varieties of granite (see diagram, p. 722.) occupying 
separate tracts, both consisting of quartz, felspar, and mica, but the 
crystalline grains in the fine variety being so small as often to im- 
part to it an arenaceous aspect and sandy feel. Prof. Ramsay 
afterwards traced out the geographical limits of both varieties, and 
these have since been more precisely defined and laid down on a map 
by Dr. Bryce, author of a valuable work on the geology of Arran. 
The last-mentioned observer remarks that the fine-grained kind 
never reaches so great an elevation above the level of the sea as 
does the coarse-grained. He also discovered, in 1864, that the fine- 
grained variety is not entirely isolated, as formerly supposed, within 
a boundary of the coarse, but that, on the south side of the nucleus, 
it comes into contact with the slates, which it penetrates and alters. 
The same geologist also found that, besides the outlier of fine- 
grained granite at Ploverfield, there is another smaller outbreak of 
the same rock to the westward, a quarter of a mile long and from 
250 to 300 yards broad. It is called the Craig-Dhu granite, and 
seems to rise at the junction of the Old Red sandstone with the 
Carboniferous strata. 

At and near the point of contai.t the base of the conglomerate of 
the Old Red consisting of sandstone is rendered crystalline, and 
fragments of granite of an elliptical form and of the same mineral 
structure as the adjoining mass of line granite are included in the 
sandstone or conglomerate. It has been already stated that no 
pieces of granite, rounded or angular, occur elsewhere in the Old 
Red, and as they are only found hero in close proximity to the cry- 
stalline and intrusive rock. Dr. Bryce supposes that they were 
injected into the strata in a fluid or semi-fluid state. I have seen 
a similar junction in Caithness, of which Sir R. Murchison in 
1827, and again in 1828 jointly with Professor Sedgwick, has given 
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a faithful description. Close to the point of contact of certain 
oolitic sandstones, shales and limestones in the Caithness cliffs, 
ii breccia occurs containing granite fragments mixed with those 
of the invaded rock. The granite, they say, appears as if it 
liad been mechanically driven in among the shattered and altered 
strata.* In the coarse-grained granite of the northern nucleus 
trap-dikes of pitclistonc and basalt are numerous, but dikes arc 
comparatively rare in the fine-grained granite, and were even sup- 
posed to be entirely w-anting until three or f*>ur, consisting of basalt 
and greenstone, were discovered by Dr. Brycr*, running north and 
north-west. It sticins therefore fair to infer, as Prof. Ramsay has done, 
that many of the dikes pcnietrating the 4)lder granite are cut off at 
tlie junction of the newer or fine-grained variety in the manner ex- 
jnessed at />, c, </, fig. 754., though no such cutting oti‘ has bc(*n 
actually observed. We may also feel assured that some of the dikes 
traversing the line must also penetrate the coarse-grained granite, 
as Dr. Bryce infers, altlioiigli, as yet, he has nut observed the actual 
passage of any one from the neiver to the older rock. There can 
be scarcely a doubt that the fine-grained variety of nucleus and the 
similar rocks of Ploverficld and Craig-Dliu are of cont(unporaneous 
dat(*, and they seem to bo more modern than all the formations of 
Arran, exccj)t the overlying trap (No. 6.) and its associated dikes. 
But the coarser granite (No. 2.) may be the oldest rock in Arran, 
with the exception of the hypogene slates (No. 1.), into which it 
sends v(dnH, and which it alters at the point of contact. 

An objection may perhaps at first be started to this coiudusion, 
derived from the curious and striking fad, the importance of whicli 
was fir.^t cmphalically pointed out by Dr. MiicCulloch, that no 
])cl)blcs of granite occur in the conglomerates of tlie red saudslono 
in Arran, although tliese couglomerat(‘s are several Imndred feet in 
thickness, and lie at the foot of lofty granite mountains, which tower 
above them. Asa general rule* all such aggregates of pebbles and 
sjitid are mainly composed of the wreck of pre-existing rocks occur- 
ring in the immediate vicinity. The total absence therefore of gra- 
in tic, ])el)bh*s has justly been a theme of wonder to those geologists 
wlio liave suceessively visited Arran, and they have carefully searched 
there, as 1 have done myself, to find an exception, but in vain. The 
lounded masses consist exclusively of quartz, chlorite-schist, and 
otlicr members of tlie inetainorphie series; nor in the newer conglo- 
merates of No. S. have any granitic frugmenls been discovered. Are 
Ave then entitled to afiirin that the coarse-grained granite (No. 2.), like 
1]]c fine-grained variety (No. 5.), is more modern than all the other 
rocks of the island? This we cannot assume, but w'e may confidently 
infer that when the various beds of sandstone and conglomerate were 
Ibrined, no granite had r('ached the surface, or liad been exposed to 
denudation in Arran. It is clear that tlio crystalline schists were 
ground into sand and shingle when the strata No. 3. were deposited, 

* Gcol. Trans., Second Scric.s vol. ii. p. 353., and vol. iii. p. 132. 
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and at that time the waves liad never acted upon the granite, wliicli 
now sends its veins into the schist. May we then conclude, that the 
schists sutrered denudation before they were invaded by granite? 
The opinion, althougli not inadmissible, is by no means fully borne 
out by the evidence. For at that time when the Old lied Sandstone 
originated, the inetainorphic strata may have formed islands in the 
>ea, as in fig. 7.')*')., over which tlie breakers rolled, or from which 

Fig. 



toiT(*nts and rivers dosccnd(‘d, carrying down gravel and sand. The 
])lnl()nie rock or granite (n) may even then have been prcA’iously 
injected at a certain depth below, and yet mjiy never have been 
exposed to denudation. 

As to the time and manner of the subsequent ju’otrusion of the 
coaiN(*-graincd granite (No. 2.), this rock may liave been thrust up 
hodily in a solid form, during that long seri(‘s of ignt^ous opc»rations 
wliich ])rodueed the plutoiiic formations (No. o.), and some of the 
trap dikes of tiu* saimj ago. 

Wc Iiave shown that these eruptions, whatever their date, were 
posterior to the deposition of all the fossiliferous strata of Arran. 
We can also prov(‘ that subsequently both the granitic and trappoan 
I'ocks underwent great aqueous denudation, which they probably 
suffeianl during their emergcnc(} from the sea. The fact is demon- 
strate<l by the abrupt truncation of numerous dikes, such as those at 
b, e, (Ij Avhich an* cut off on the surface of the granite and trap. 

TIi( 5 theory of the [»rotrusion in a solid form of the northern 
nucleus ol' granite is contirmed by the manner in which the hypogene 
slates (No. 1.) and the beds of conglomerate (No. 3.) dij) away from 
il on all sides. In some places ind(*(‘d the slates are inclined towards 
I he granite, but this exception might have been looked for, because 
ihese hypogene strata have undergone disturbances at more than 
one geolog ieal epoch, and may at some points, perhaps, have their 
original order of position inverted. The high inelinatiou, therefore, 
and the qurupiaversal dip of the beds around the borders of the 
granitic boss, and the comparative horizontality of the fossiliferous 
."I rata in the southern part of the island, are facts which all accord 
with the hypothesis of a great amount of rnovenumt at that point 
Avlu re the granite is supposed to have been thrust up bodily, and 
wherci we may conceive it to have been distended laterally by the 
repeated injection of fresh supplies of melted materials.* 

* For the geology of Arran, wliieh I Tr,ans., Seeonil Ser.), Mr. L. A. Ncckcr’s 
cxjiniiiicd myself ill 1836, consult the Memoir, read to the Ib>yal Soc. of Edin. 
Works of Drs. Hutton and MncCulloch, 20th April, 1840. and I'rof. Ramsay’s 
the Memoirs of IMessrs. Von Deehen Geol. of Arran, 1841, and lastly, Mr. 
«nd Oi‘ynhaiisen, that of Professov Rryce s (leol. of Arran and Clydesdale, 
bedgwick and Sir R. Murchison (Geol. 3rd cd. 1864. 
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CHAPTER XXXV. 

METAMOnPUIG ROCKS. 

General character of mctamorpliic roots — Gneiss — Hornblcnde-schi ,t — Mica- 
schist — Olay -slate — Quartzite — Chlorite-schist — Mctamorphic limestone — 
Alphabetical list and explanation of the more abundant rocks of this family 
— Orij^fin of the mctamorphic strata — Their stratification — Fossiliferous strata 
near intrusive masses of granite converted into rocks identical with different 
members of the inetamorpliic series — Arguments hence derived as to the 
nature of platonic action — Time may enable ihis action to pervade deiihcr 
masses — From what kinds of sedimentary rock each \aricly of the inetiimorphic 
class may be derived — Certain ohjcctions to the mctamorpli>- theory consideied 
— Fai'lial conversion of Eocene slate into guciss. 

We have now considered three distinct classes of rocks : first, the 
aqueous, or fossiliferous; secondly, the volcanic; and, thirdly, the 
plutonic, or granitic ; and it remains fur us to examine those crys- 
talline (or liypogene) strjita to which the name of metamorphic 
has been assigned. Tne last-immtioned term expresses, as before 
explained, a theoretical opinion that such strata, after Jiaving bee n 
depositt*d from water, ae(iuired, by tho influence of lieat and other 
eaus(*s, a highly crystalline texture. They who still qu(‘stioii this 
opinion may call tho rocks under consideration the stratified hypu- 
gent', or schistose hypog(m(j formations. 

These rocks, when in tlieir most characteristic or normal state, are 
wholly <levoid of organic remains, and contain no distinct fragments 
of oth(?r rock.s, whether rounded or angular. They sometinu‘s break 
out in the central parts of narrow mountain chains, but in other 
cases extend over areas of vast dimensions, oecupying, for example, 
nearly the wliole of Norway and Sweden, wlien*, as in Brazil, they 
appear alike in tlie lower and highq^ grounds. In Great Britain, 
those members of the series which approach most nearly to granite 
in their composition, as gneiss, mica-schist, and horiiblendc-schist, 
are confined to the country nortn of the rivers Fortli and Clyde. 

However crystalline th(*se rocks may become in certain regions, 
they never, like granite or trap, send veins into contiguous forma- 
tions, whether into an older schist or granite or into a set of newer 
fossiliferous strata. 

Many attempts have been made to trace a general order of suc- 
cession or superposition in the members of this family ; clay-slatc, 
for example, having been oftcjii supposed to hold invariably a higher 
geological position than iiiica-schist, and mica-schist always to 
overlie gneiss. But although such an orde^ may prevail through- 
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out limilod districts, it is by no means universal. To this subject, 
lu»wever, T sliull again revert, in the 37t]i chapter, when the cliro- 
nological relations of the metaniorphic rocks arc pointed out. 

Tiie following may be enumerated as the principal members of the 
metamorphie class: — gneiss, mica-scliist, liorn blende-schist, clay- 
slate, chlorite-schist, hypogems or metamorphie limestone, and certain 
hinds of quartz-rock or quartzite. 

(Jneiss, — The first of these, gneiss, may be called stratified, or, by 
tlio^e who object to that term, foliated, granite, being formed of llie 
same materials as granite, namely, fcKpar, quartz, and mica. In the 
sp(*eimen here figured, the Avhite layers consist almost exclusively ol* 
granular felspar, with here and there a speck of mica and grain of 
quartz. The dark layers are composed of grey quartz and black 


Fig. 7oC. 



FrajU«cnt of gneiss, n.itnral size: gortion made at right angles to 
ttie )>]anc8 of fulutioii. 


mien^ with occasionally a grain of’ felspar intermixed. 'Jlie rock 
s[)lits most ('a'^ily in tlie plane of those darker layers, and the surface 
thus ex[)osed is almost entirely covered witli shining spangles of 
mica. The accompanying quartz, however, greatly predominates in 
quantity, but the most ready clcavag(j is d(»,termined by the abun- 
<lance of mica in certain parts of the dark layer. 

Inst(»ad of consisting of these thin lamirue, gneiss is sometimes 
sinqily divided into thick beds, in wliich the mica has only a slight 
degree of parallelism to the planes of stratification. 

The term “gneiss,” however, in geology is commonly used in a 
wider sens(», to designate a formation in which the above-mentioned 
rock prevails, but with which any one of the other metamorphie 
roe.ks, and more (’specially liornblondc-schist, may alternate. Tliese 
other members of the metamorphie series are, in this case, considered 
as subordinah^ to Iho true gneiss. 

The different varieties of rock allied to gneiss, into which fidspar 
enters as an (‘ssential ingredient, will be understood by riderring to 
what was said of granite. Thus, for example, hornblende may b(’ 
superadded to mica, (juartz, and lelspar, forming a sycnitic gneiss ; 
or talc may be snbstituk’d for mica, constituting talcose gneiss, a 
rock composed of felspar, quartz, and talc, in distinct crystals or 
grains (stratified protoginc of the French). 

Ifornhlrnde-sclnst is usually black, and composed principally of 
hornblende, with a variable quantity of felspar, and sometimes grains 
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of quartz. When tlio hornblende and felspar are nearly in equal 
quantities, and tJie rock is not slaty, it corresponds in character with 
the ^re(‘iistonesof the trap family, and has been called “priiniti\(‘ 
greenstone.” It may be term(‘d hornblende rock. Some of tJie.M* 
lioriiblendic masses may really Jjave been volcanic ro(;ks, which have 
since assumed a more crystalline or metaniorphic texture. 

Mica-schist^ oy Micaceoits schist^ is, iKixt to gneiss, one of tlie most 
abundant rocks of the melamorphic series. It is slaty, essentiallv 
composed of mica and quartz, the mica sometimes appeal ing to con- 
stitute the whole mass. Beds of pure quartz also occur in thi.> 
formation. In some districts, garnets in regular twelve-sided crystals 
form an int(»grant part of mica-schist. This rock passes by insensible 
gradations into clay-slate. 

Ciaf/-s/a(e, or Atyillaccous schist, — This rock soimdimes resembles 
an intlurated clay or shale. It is for tlm most part extrenudy fissile, 
ofti‘n affording good roofing-slate. Occasionally it derivtvs a shining 
and silky lustre from the minute particles of miisii or talc which it 
contains. It varies from greenish or bluish -grey to a lead colour; 
and it may be said of this, more than of any other schist, that it is 
common to the metamorphic and fossilih'rous series, for some clay- 
slates taken from each division would not be distinguishable by 
mineral characters alone. 

Quartzite^ or Quartz rock^ is an aggregate of grains of quartz 
which are either in minute crystals, or in many cases slightly 
rounded, occurring in ri'gular strata, associated with gneiss or otluM* 
metamorphic rocks. Compact Iquartz, like that so fn'qiiently found 
in veins, is also found together with granular quartzite. Both (d 
these alternate with gneiss or mica-schist, or pass into those rock*^ 
by the addition of mica, or of felspar and mica. 

Chhtritc-svhist is a green slaty rock, in which chlorite is abundaiif 
in foliati'd plates, U'^ually blended with miniiUi grains of quartz, or 
sometimes with fidsjiar or mica; often associated with, and gra- 
duating into, gneiss and clay-^hlte. 

CrijstaUinc or Alefamorphic Umesfoae, — This hypogeno rock, 
called by the ecarlier geologists prhnart/ limcstojte, is soinetiines .i 
white crystalline granular marble, which Avliim in thick beds can ])e 
used ill sculpture ; but more frequently it occurs in thin beds, lurin- 
iiig a foliated schist much resembling in colour and ajipearaiice 
certain varieties of gneiss and nuca-schisL. When it alternates Avith 
these rocks, it often contains some crystals of mica, and occasioiiaily 
quartz, felspar, hornblende, talc, chlorite, garnet, and other minerals. 
It enters sparingly into the structure of the hypogene districts 
of Norway, Sweden, and ScoMaiid, but is largely developed in the 
Alps. 

Before ofTering any farther observations on the probable origin ot 
the metamorphic rocks, I subjoin, in the form of a glossary, a brief 
explanation of some of the principal varieties and their synonyms. 
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J'^rplanation of the Namrs, Sj/twnj/ms, and Mineral Composition of 
the more abundant Metumorphic Bocks. 

Actinolite-sciitst. a sliity foliated rock, composed chit^fly of actinolito, (an 
cmonilil-^a-ccu mineral, allied to horiiblciido,) with ssoiiic admixture ol“ 
garnet, miua, and <jnartz. 

Amfemte. Aluminous slate (lirongniart) ; occurs, both in the metamorphio and 
fossiliferous series. 

Amfiiiuomtk, Hornblende rock, which sec. 

AKOiLi.ACKouo-siaiisT, or Clav-slate. See p. 726. 

.ViiKossE. T^jime given by Brongiimrt to a compound of tlic same materials ns 
granite., which it often resembles closely. It is found at the junction of 
granite with formations of diftereiit .ges, and consists of cry.stals of fel.s)nir, 
quartz, ami sometimes mica, whicli, after separation from their original 
matrix by disintegration, have been reunited by a siliceous or quartzosc 
cement. It is often penetrated by quartz veins. 

(hiTASToniTE-SLATE scarccly il idcrs from clay-slate, but includes numerous crystals 
of Chiastolite : in considerable thickness in Cumberland. Cliiastolite 
occurs in long slender rhomboidul crystals. For comjiosition, sec Table, 
)). 602. 

^iij.oniii.-sciiTST. A green slaty rock, in which chlorite, a green scaly mineral, 
is abundant. See p. 726. 

’lay-.sl\te or ARGiLLACEous-scmaT. See p. 726. 

ICujiiTE ha.s been already mentioned as a plutoriic rock (p. 700.), but occurs also 
with precisely the same composition in beds suboi’dlnatc to gneiss or niica- 
slatc. 

CiM'is.s. A stratified or foliated rock ; has the same composition as granite. See 
p. 72,j. 

Hoknulenoi: Tiock, or AMriHr.oLiTE. See abo\c, p. 600. A member both of 
the voleauie and metaniorphie scries. Agrees in composition with horn- 
bleiidc-seliist, but is not fissile. 

noi.'Nm.ENDE-sciiisr, or slate. Compo.scd of hornblende and felspar. Str 
]). 725. 

lIoRxnLLMiio or Si’ENiTic Gneiss. (]!omposcd of felspar, quartz, and horn- 
bli'inle. 

Uyi'oolne Limestone. /Str p. 726. 

\niu.E. See pj). 12. & 726. 

MicA-si'iiisT, or ;Mi<\\('lous-sciii.st. A slaty roek, composed of mica and 
quartz, in varialde pro] )ort ions. See p. 726. 

^IlCA-SL VTE. AVc IMlOA-Sl'lUHT, p. 726- 

IhiYLi.ADE. D’Aulmisson’s term for clay-slate, from a heap of leaves. 

I’nni \HY Limestone. See JIyfogene Limksiom:, p. 726. 

J’lioicxoNE. See Talcose-gneis.s, ]l 725.; when uiistratificd it is Talcosc- 
granitc. 

Qiiautz Hock, or Quartzite. A stratified rock ; an aggregate of grains of 
quartz. See p. 726. 

I^kkfentink has already been described (p. 601.) because it occurs in both divi- 
sions of the hypogene series, as a stratified or unstratified rock. 

'^ALcosE-GNEiss. Same composition us talcose-grnnitc or protoginc, but stratified 
or foliated. See p. 725. 

Talcose-sciiist consists chiefly of tale, or of talc and quartz, or of talc and fel- 
spar, and has a texture something like that of clay-slate. 



728 


METAMORPHIC ROCKS. 


[Ch. XXXV. 


Origin nf the Metamorphic Strata, 

ITavin<T sjiid tlnis much of tlm mineral composition of the meta- 
morphic rocks, I may combine what r(‘mains to be said of their 
strncturt^ and iiistory Avitli an account of the opinions cntertain(‘d of 
tli(*ir probable origin. At the same time, it may be well to forewarn 
the rcailer that we are h(;re entering upon ground of controv(‘rsy, 
and .soon reacli the limits where positive induction end.«. and beyond 
wJiic.h we can only indulge in speculations. It was once a. favouriie 
doctrine*, and is still mainlained by many, that these rocks owe their 
crystalline t(*xture, their want of all signs of a mechanical origin, or 
of fossil contents, to a peculiar and nascent condition of the planet at 
t!i(* [)erio(l of Iheir formation. The arguments in refutation of this 
liypothesis will be more fully considered Avhen I show, in the thirty- 
seventh chapter, to how inajiy dilh rent ages the metamorphic 
formations are referable, and hoAv gneiss, mica-schist, clay-slate, and 
liypogene limestone (that of Carrara for example) have been formed, 
not only since the first introduelion of organic beings into this planet, 
hut. ev(*n long after many distinct races of plants and animals had 
jia'^sed away in succession. 

The doctrine respecting the ^ry.stalline strata, impli(‘d in the 
name metamorphic, may ])roperlv be treat(‘d of in this place; and 
W(* must lirst iiKpiire whether these rotks are r(*ally (‘iititled to b(j 
called stralilied in the strict sense liaving been originally do- 
pof^il(‘d as sediiiKMit from water. The general adoption by geologists 
of tlie term stratilied, a.s applied to tluvso rocks, siifliciently attest.', 
Ilieir division into beds very analogous, at lea.st in form, to ordinary 
fo.-!siliferous strata. Thi.s res(*niblance is by no mean.-? confined to 
the exist(‘nce in both occasionally of a laminated structure, hut ex- 
tends to every kind of •'rrangemeiit which is compatible with tlio 
abs(*iice of fo.ssils, and of sand, pebble.s, ripple-mark, and other eha- 
raet(irs which the metamorphic theory bU]>|K)s('.s to liave Ix'cn ob- 
literated by plutonic action. Thii.s, for example, we behold alike in 
the cry.-^talline and fossiliferous formations an alternation of beds 
varying gn*a(ly in composition, colour, and thickne.ss. We obser\e, 
for inslance, gneiss alleniatiiig with layers of black hornbhnde- 
schist, or of green chlorir(!-.>ehist, or with granular quartz, or lime- 
stone; and the interchange of th(*se dilTerent .strata may be repeatetl 
for ail indefinite number of time.s. In the like manner, mica-schist 
alternates with clilorite-sehist, and with beds of pure quartz or of 
granular limestone. 

Wo hav(} already seen that, near the immediate contact of granitic 
veins and volcanic dikes, extraordinary alterations in rocks 

liave laken place, mor(3 especially in the neighbourhood of granite. 
It will be n.'sefiil here to add other illustrations, showing that a tex- 
ture. undistingiiishabl(! from that whieli characterizes the more 
crystalliiKj metamorphic formations has actually been superinduced 
in strata once fossiliferous. 
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In tlio southorn cxtromity of Norway thoro is a large district, on 
tlic* west side of llie fiord of Christiania, in which granite or syenite 
protrudes in mountain ma<s(*s through fossiliferous strata, and usually 
jj(‘nds veins into them at the point of coiita(!t. The stratified rocks, 
replete with shells and zoophytes, consist chiefly of shale, limestone, 
and some sandstone, and all these are invariably alti'red near tiio 
granit(* for a distance of from 60 to 100 yards. Tlie aluminous 
shales are hardened and have beeonie flinty. Sonudimes they re- 
MMiible jas[)er. Kibboned jasper is jirodnced by the hardcuiing of 
alternate layers of green ami chocolate-eoloiir(‘d schist, (*ae]i strijie 
railhfiilly r(*pr(‘s(*nting tlie original lines of siralitication. Nearer 
tlu* granite tin* schist ofl(*n contains crystals of hornoieiide, which 
are (*\(‘n met with in some plaees for a ^stance of several hundred 
vanls from the junction; and tliis bla k hornbh'-'<l(* is so abundant 
tlial emimmt geologists, Avhen passing tlirongn -lO connt.y, have 
cfuitbimded it with the ai imm .iOrnblendo-.scliist, subordinate .he 
great gneiss formalio 'f . ' ’‘V. Frequently, between the j,ranit<' 
and tlie liornbhanh* shite, alK» numtiomnl, grains of ini(*a and ervs- 
filliiK' felspai- ill tlu‘ .'ichi‘ sa that '-oeks resend 'ng gneiss 

aM<l inica-seliisi ] rodueiMl can I’arely lu^ deiected in 

the:-(‘ schists, and they an^ mon* eo.nph t ellaecd in propoi’tion to 
the. mor' erystalb'ix • ‘X*!* of tiie ])e<ls, and llu'ir vlciniiy to .lie 
"lanile. In some ])h cs die '■‘llee 'ns matter o,f the schist b(‘eoine.>, a 
iruinnlar quartz, ami when In.'- ulendii and mica are added, the 
alien'd roid^ los(?s its st iMliih'ation, and j sses i« ite. 

The limestone, which at points •(‘mole Vo* t . u 

e irlhy h’xtnn and blue c(»hju»’, and often ••bonn* .als, b(‘com(‘s 

a white gi’ai lar inarbh* near tin* granite ')nK‘tinK silict'ous, (be 
granular si ruct.i:re o\(ending occasionally nnwards of IMO yards from 
lh(‘ jiiiietion ; the corals being for the inos m.it ■»M(it('rat(‘(l, tlnaigh 
sonielinK'S proservi'd, even in the white marb.. . ]>oth tin* altered 

Fig 767. 



Altrrcti zone of fnshilifcnms sUte ami liniesituno mar giaiiite. Clinsti.inia. 
y/ze arrows indic<ite the dip, and the slrtti^ht hues the stnhe, of the bt ds. 


liiTK'stone and liardened slate contain garnets in many places, also 
ores of iron, lead, and copper, with some silver. These alterations 
occur equally, whether the graiilto iiiviadcs the strata in a line pa- 
rallel to tho general strike of the fossiliferous beds, or in a line at 
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right angles to their strike?, as will bo seen by the accompanying 
ground plan.* 

Tlif? indurated and ribboned schists above mentioned bear a strong 
reseml)laiiee to (!(‘rtain shales of the? coal found at Kussell’s Ibill, 
neai* Dnriley, where coal-mines have been on tire for ages. Hods ot' 
sliale ejf cojisiderable? thickness, lying e)ver the burning coal, Jiave 
])een baked and hardened so as to acquire a 11 inty fracture, the Javers 
bedng alternatedy gree'ii anel brick-cole)ure;el. 

The granite of Cornwall, in like manner, sends forth ve ins into a 
coarse argillac(‘ons-schist, provincially termed kilhis. 11iis killas is 
converted into hornblende^-sclnst near the eanitaet with the vein,’.. 
The‘se apiu‘arances are well see?n at the junction of the granite and 
killas, in St. INlicdiaed’s JMoiint, a small inland nearly 300 feet Jiigh, 
situa.tod in the bay, at a distance of about three miles from iVn- 
zjin(?e. 

The granite e)f Dartmoor, in Devonj>hire‘, says Sir IT. De? la Leclie, 
lias intruded itself into the slate and slaty sandsloim e*alle*d grey wae*ke, 
twisting and eontorting the strata, and si*nding veins into thean. 
Ib'nee some of the slate rocks have be'coiiie “ micaceous ; ollicrs nwiro 
iiehirate'd, and with the cliaraelers e)f mica-slate anel gneiss; Avldle? 
otliers again appear cem verted into a hard-zoned rock strongly im- 
j'Tegnate'd Avith telspar.”f 

^^’e learn from the inve^stigations of IM. Dufivnoy, that in th(‘ 
eaisteni Pyrene(*s there? are mountain masses of granite j)oste'rior in 
date to the forniaiions calh‘d lias and ehalk of that district, and. (hat 
the*>(‘ lbssiIife*rons roe'ks are? greatly alte*re*d in texture*, and ofti*ii 
charged Avith iron-ore, in the iie‘ighboiirhood e)f the* granite. Thus 
in the* environs of St. Martin, ne'ar St. Taul de* Fenouilh*!, the? chalky 
liine.stone* l)e.*e*()ines mem* crysialline* and saccharoid as it atiproaches 
the granite?, and hjses all trae*e e)f the fossils Avhich it pre*viem>ly e*oii- 
tained in abnndaneo. At some* jieiints, alse>, it b(‘eom(*s elolomitic, 
and tilled Avith Miiall vedns of carbonate? of iron, and spots eif red 
iron-ore?. At liancie* the lias nearest the granite? is not only tilled 
Aviih iron-ore*, but charge.*d Avith jynt(*s, tiemoUte, gamed, and a new 
mineral somcAvliat allie'd to fedsjiar, called, from the place in the 
Pyrene*e‘s Avh<*re it oeeiirs, “ e*onzeraiiite.” 

Ne>Av the altJ-rations ahoA'e- eh seribe<l as superinduced in reieks by 
volcanic dike's and granite veins proxa? inconte'stably that ])()Ave*rs 
exist in nature capable of transtorming fossilit(*re)us into crystalline 
strata — poAA"e*rs capable of generating in the-m a iicav mineral charac- 
ter, similar to, nay, often absolute*ly identical Avith that of gneiss, 
mica-schist, and other stratitie'd members of the hypeigeru* se*rie's. 'J’hc 
pret?ise? nature of these altering causes, Avhich may provisienially be 
termeel pliitemic. is in a gre*at de.*gre*e) obs(?nre? and doubtful; but 
their reality is no le?ss clear, anel avc must suppose the inflm'iice e)f 
h('at to be in some Avay connected with the tninsmutatiein, if, for 
rea'*ons before e-xphiined, avc concede the igneous origin of granite. 

* Keilhau, Gica Norvcgica, pp.Gl — 63. t Geol. Manual, p- 479- 
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The experiments of Ciref^ory Walt, in fusing rocks in tlio lahorii- 
tory, and allowing them to consolidate hy slow cooling, prove dis- 
tinctly that a rock need not he perfectly melted in order that a 
n-arrangement of its component particles sliould take place, and a 
partial crystallization ensue.* We may easily suppose, therefore, 
that all traces of shells and other organic remains may he destroyed ; 
and t hat new ehernical eomhinatinns may arise, without the mass being 
3 () fused as that the lines of stratiiic.ation should he wholly obliterated. 

We must not, however, imagine that heat alone, such as may be 
apj)lied to a stone in the open air, can eonstitute all that is coinpris(‘d 
ill ])liit<)nic action. We know that volcanos in eruption not only 
emit tlnid lava, but give off steam and other heated gases, which 
rub'll out in enormous volume, for days, weeks, or years continuously, 
and are even disengaged fioin lava during its consolidation. 

We also know that long after volcanos have spcuit th(*ir force, 
hot springs continue for ages to flow out at various points in the 
sune area. In regions also subject to violent earthquakes such 
.springs are fi’cqucntly observed i.-suing from rents, usually along 
lines of fault or displacement of the rocks. Tln^se thermal waters 
an* niOKt eomnionly charg(‘d with a varit*ty of inin(M*al ingredients, 
and they retain a remarkable uniformity of temperature t rum een- 
tnrv to century. A like uniformity is also persist(‘nt in the nature 
of (he (‘arth), metallic, and gaseous substances with Avhich they are 
impn'gnated. It is well ascertained that springs, wh(‘ther liot or 
cold, charged with carbonic acid, and especially with liydrofluoric 
acitl, which is often present in small quantities, arc powerful causes 
(d' di‘coni[K)siti<)n and eheinical re-action in rocks through Avliieh they 
pcrcolati’. 

The changes which J^anbivc has shown to liave been produced 
by the alkaline waters of PJoinbicres in the Vosges, are more 
clally insTiuctive.f These waters luive a heat of KiO" F., or an 
( xce^s of 109^ above the av(;rage tempera tun? of ordinary springs in 
that difcti'ict. They were conveyed by the Homans to baths through 
long cojiduits or aqueducts. Tin* foundations of some tif their works 
consisted of a btal of concrete made of lime, fragments of brick, and 
sandstone. Through tJiis and other masonry the hot waters have 
been jiercolating for centuries, and have given rise* to various zeo- 
lilos— apophyllite and chabazite among others ; also to caleareoiis 
^p r, arragonite, and fluor spar, together with silieeous minerals, 
such as opal, — all found in the interspaces of the bricks and mortar, 
or constituting part of their rc-arranged materials. The quantity of 
Jieat brought into fiction in this instance in the course of 2000 years 
has, no doubt, been (*iiornioiis, but the intensity ot it develo]>ed at 
any one moment has been always inconsiderable. 

From these facts and from the experiments and observations of 

* Phil. Trans., 1804. 

t Diiubrcc, Sur lu Mctamorphisine ; Paris, 1860. 
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Sonarmoiit, Daubrce, Delosso, Sclic*orer, Sorby, Sterry Hunt, and 
others, we are led to infer that when in the bowels of the earth 
then; are large volumes of molten matter, containing heated water 
and various acids under enorinoiis pressure, these subterranean fluid 
masses w'ill gradually part with their heat by the escape of steam 
and various gases through fissures, producing hot springs ; or by the 
passage of the same through the pores of the overlying and injected 
rocks. Even the most compact rocks may be regarded, before they 
have been exposed to the air and dried, in the light of sjmnges filled 
with wafer. According to the experiments of Henry, water, under 
an hydrostatic pressure of 96 feet, will absorb three times as mueh 
carbonic acid gas as it can under the ordinary pressure of the atnui- 
splu're. There are other gases, as well as the carbonic acid, which 
water absorbs, and more rapidly in proportion to the amount of 
pressure. Although the gaseous matter first absorbed would soon 
be? condensed, and part with its heat, yet the continual arrival of 
fresh supplies from below might, in the course of ages, cause the 
temp(‘ratnre of the water, and with it that of the containing rock, to 
he inat(‘rially raiseel, the water acts not only as a vehicle of heat, 
but also by its atniiily for various silicates, wliicdi, Avhen some of llu*. 
materials of the invaded rocks are decomposed, tbrni quartz, felspar, 
mica, and other minerals. As for quartz, it can be ])r()duced under 
the iiitlucnee of lieat by Avatcr holding alkalirm silicates in solution, 
as in the ease of the Tlombieres s]u*ings, without any chemical re- 
action. The quantity of water required, according to Daubrec*, to 
])r()ducc great transformations in the mimu’al sirueturc of rocks, is 
very small. As to tin; heat required, silicates may be produced in 
the moist way at about incipient red heat, whereas to form the same 
in tlu; dry Avay Avould reejuirea much higlier temperature. 

M. Fournet, in his description of the metalliferous gneiss near 
Clermont, in Auvergne, states that all the minute fissures of the rock 
are (ptile saturated with free carbonic acid gas ; which gas rises 
plentifully from the soil there and in many parts of the surrounding 
country. The various elements of the gneiss, with the exception of 
the quartz, are all softened ; and ncAv combinations of the acid with 
lime, iron, and manganese are continually in progress.* 

Another illustration of the poAver of subterranean gases is atforded 
by the Stufas of St. Calogero, situated in the largest of the Lipari 
Islands. Here, .according to the descri]itiun published by lloirmann, 
horizontal strata of tuff, extending for 4 miles along the coast, and 
forming clilfs more tluin 200 feet high, have been discoloured in 
various places, and strangely altered by the all-pen<;tratir;g va- 
pours.” Dark clays liave become yelloAv, or often snow-Avhite; or 
have assumed a chequered or brecciated appe.arance, being crossed 
Avith ferruginous red stripes. In some places the fumeroles have^ 
been found by an.alysis to consist partly of sublimations of oxide o1 
iron ; but it also appears that veins of cli.alcedoiiy and opal, and 


See Principles, Index, “ Carbonated Springs,” &c. 
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others of fibrous gypsum, have resulted from these volcanic exhala- 
tions.* 

The reader may also refer to M. Virlet’s account of tlie corrosion 
of hard, flinty, and jaspideous rocks near Corinth by tins prol(»nged 
agency of subterranean gases f; and to Dr. Daubony’s description oi‘ 
tlie de(;oin position of trachytic rocks in the Solfatara, near Naples, 
l)y sulphuretted hydrogen and muriatic acid gases.} 

Altliough in all these instances we can only study the phenomena 
as exhibited at the surface, it is clear tliat the gaseous fluids must 
Jj.ive made their way through the whole thickness of porous or 
jissured rocks, which ijitervene between the subterranean j’eservoirs 
of gas and the external air. The extenl, tlieivfore, of tlio earth’s 
crijht which the vapours liavo permeated and are now ])i 3 rmeating 
may be thousands of fathoms in thickness, and their lieating and 
modifying influence may be spread throughout the whohj of this 
solid mass. 

We learn from Trofossor J^ischoff that the steam of a hot spring 
nt Aix-la-Chapello, allliongh its temperature is only from 133” to 
l()7” F., has converted the surface of some blocks of black marble 
into a doughy mass. IFe conceives, therefore, that steam in the 
bowels of the earth having a temperature equal or even greater than 
tlie melting point of lava, and having an elasticity of which even 
l^ipin’s digester can give but a faint idea, may convert rocks into 
liquid matter. § 

'riie above observations are calculated to meet some of the ob- 
ject ions which have been urged against the motamorphic theory on 
llie ground of the small power of rocks to conduct heat ; for it is 
\v(ill known that rocks, when dry and in the air, differ remarkably 
IVoin metals in this respect. It has been asked how' the changes 
which extend merely for a few feet from the contact of a dike could 
have penetrated through mountain masses of crystalline strata 
several miles in thickness. Now it has been stated that the plu- 
toiiie influeiiee of the syenite of Korway has sometimes altered 
fossiliferous strata for a distance of a quarter of a mile, both in the 
direction of their dip and of their strike. (See fig. 757. p. 729.) 
Tills is undoubtedly ail extreme case; but it is natural to suppose 
that analogous causes may, under favourable circumstances, affect 
masses of greater volume. The raetaniorjihic theory does not 
require us to affirm that some contiguous mass of granite lias been 
the altering power ; but merely that an action, cxi&ting in the 
interior of the earth at an unknown depth, wlietlicr tliermul, liydro- 
thcrnial, or other, analogous to that exerted near intruding masses 
of granite, has, in the course of vast and indefinite periods, and 
when rising perhaps from a large heated surface, reduced strata 

* Iloltnian’s Liparischen Iiiscln, p. 38. f Priiic. of Gcol. ; and Danhciiy’s 

Loipzi^r, 1832. Volcanos, p. 107. 

t See IVinc. of Gcol.; and Bulletin § Jam. Ed. New Phil. Journ., No. 51. 
do la boc. Gcol. dc Fruhcc, tom. p. 43. 
p. 230. 
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thousands of yards thick to a state of . semifusion, so that on coolinn- 
they have become crystalline, like gneiss. 

The prominent part which water lias played in distributing the 
heat of the interior through mountain masses of incumbent strata, 
and in conveying various mineral elements in a fluid or gaseous 
state into the same masses, so as to give rise in the course of long 
geological periods to vast chemical changes, enables us to dispense 
with the intense heat formerly thought necessary for the production 
of the metaniorphic rocks. But, on the other hand, the length of 
time which must have been consumed during the escape of so much 
heat from molten matter underlying the solid crust, at the depth of 
many miles, raises our conception of the great original intensity of 
temperature required to bring those suht(*rranean sheets of lava 
into a liquid state. That they are sometimes of vast horizontal 
ext(*nt, ('ven hundreds of miles in length, seems proved by facts 
ob*5erved during eru])tions in the volcanic region of the Andes. 

The scorching heat radiat(‘d by lava in a voh‘'inic crat(‘r, whcui it 
is white and glowing like the sun, ])repares us to believe that the 
temperature of the same fluid thousands of fathoms below, must far 
exceed any heat which can ever he witnessial at the surface. The 
uniform composition, the absence of stnilification, and the great 
volimu* of the plutonic rocks, is in perfect accordance with the 
lluttoniau hypothesis of the intense heat to which this class of rocks 
has ow(‘<l its origin. 

In consitleriug, then, the various data already enumerated, the 
forms of slratifi(‘al.ion and lamination in inetarnoi’phic rocks, their 
fiussage on the one hand into the fossilifc'rons, and on fhe other into 
the ]diitoiiic formations, and the conveisions whieh can he ascer- 
taiiHMl to have occurred in the vicinity of granite, we may eoiichide 
that gnei>s and niica-sehist may he nothing more than altered 
micaceous and argillaceous sandstones, that granular quartz may 
have been derived from siliceous sandstone, and compact quartz 
from the same materials. Clay-slate may be alt(*red shale, and 
griimihir marble may have originated in the form ordinary lime- 
stone, rci)h'tfi with shells and corals, wliich hav(‘ since be(*ii ohli- 
tiu-ated ; and, lastly, calcan*oiis sands and marls may have been 
ehang(*d into impure^ crystalline limestones. 

“ lloriihlendc-scliist,” says Dr. MncCulloeh, “ may at first have 
been mere clay ; for clay or ejiiahi is found altered by trap into 
Lydian stone, a substance differing from hornhlende-schist almost 
solely in compactness and uniformity of texture.”* “In Shetland,” 
remarks the same autho?*, “ argillaceoiis-schist for clay-slate), when 
ill contact with granite, is sometimes converted into hornblende- 
schist, the s(!hist becoming first siliceous, and ultimately, at the 
contact, hornblende-schist.” f 

The anthracite and plnmbfigo associated with liypogeiie rocks 
may havii been coal ; for not only is coal converted into aiithrucite 


Syst. of Gcol., vol. i. p. 210. 


t Ibid., p. 211. 
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in the vicinity of some tnip dikes, but we have seen that a like 
chiiMge has taken place generally even far from the contact of 
igneous rocks, in tlie disturbed region of the Appalachians.* At 
Worcester, in the state of Massachusetts, 45 miles due west of 
lloston, a b('d of plumbago and impure, anthracite oc(!urs, inter- 
-tratifii'd with micji-schist. It is about 2 feet in thickness, and has 
been made use of both as fuel, and in the manufacture of lead 
ptMicils. At the distance of 30 miles from the plumbago, th(*re 
occurs, on the borders of Rhode Island, an impure anthracite in 
slates containing impn'ssions of coal-plants of tiie gcmei a PecopteriSy 
jVetf ropier iSy CalamitcSy 8tc. This anthracite, is intermediate in 
cliMiacter hetweejj that of PcMinsylvania and the plumbago of 
Worcest(*r, in which last the gaseous or volatile matter (hydrogen, 
oxygen, and nitrogen) is to the carbon only in tln^ proportion of 
3 per cent. After traversing the country in various directions, 1 
cannj to the conclusion that the carboniferous shales or slate.s witJi 
anthracite and plants, which in Rhode Island often ])ass into mica- 
scliist, have at Worcest(*r assumed a perfectly crystalline and m(ita- 
niorphic texture; the anthracite having beem nearly transmuted into 
that state of pure carbon which is called |)lumbago or gra])hit(}.| 

It has been remark(*(l by M. Deh'sscj that the minerals developed 
in hypogene limestone vary according to the degree of mc'tamor- 
pliisin which the rock has undergone. Tims, for (‘xarnple, where 
the structure is but slightly crystalline, tale, chlorite, serpentine, 
jindalusite, and kyanite are commonly present ; where it is more 
Jiighly crystallized, garnet, hornblende, wollastonite, dipyre, cou- 
ze ranite, and some otliers appear; and, lastly, where the crystalliza- 
tion is com])le(e, there are found, in .addition to many of the above 
minerals, felspar, esj)ec,ially those kinds which arci richest in alkali, 
together with mica. The same author observes that, as calcareous 
deposits usually contain sonic .aluminous clay, so we may naturally 
{‘xp(H!t to meet with silicates of alumina in crystalline limestone; 
such silicates, accordingly, .are frccpient, and occasionally even pure 
alumina crystallized in tlu^ form of corundum. f 

i\lr. Dana has suggested tluit the phos|)horic acid of phospli.ate of 
lime, find the fluor of fluor-spar, so often met with in crystalline 
limestones, may have been derived from the remains of mollu.sca 
and other animals ; also that graphite (which is pure carbon in a 
crystalline form, 'vvitli or without jidmixhiro of alumina, lime, or 
iron) may have bemi derived from vegetable remains imbedded in 
th(* original matrix. 

'riu^ total absence of any tr.ace of fossils b.as inclined many geo- 
logists to atiributo the origin of the crystalline strata to a period 
antecedent to the existence of (»rgaiuc beings. Admitting, they say, 
th(‘ obliteration, in some cases, of fossils by plutonic action, we might 
still expect th.at traces of them would oftenor occur in certain ancient 

* S«c above, pp. 494, SOO. J Dclcssc, Bulletin Soc. Oeol. Franco, 

t See Lyeli, Quart. Geol. Journ., 2c serie, tom. ix. p. 120., 1851. 
vol. i. p. 199. 
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systems of slate, in which, as in Cumberland, some conglomerates 
occur. But in urf,nn^ this argument, it j^eems to have been for- 
gotten that there are stratified formations of enormous thickness, and 
of various ages, and some of them very modern, all formed after the 
earth had b(‘Come the abode of living creatures, which are, never- 
theless, in certain districts, entirely destitute of all vestiges of or- 
ganic bodies. In some, the traces of fossils may have been ofTiieed 
by wat(‘r and acids, at many successive periods; and it is clear, that 
the older the stratum, the greater is the chance of its being nonfossi- 
liferous, evmi if it has escji])ed all inetamorpliic action. 

It has been also objected to the metamorphic theory, that the 
chemical composition of the secondary strata dilFefs essentially from 
thatol’ the crystalline schists, into which they are supposed to be 
convertible.* The “ primary” schists, it is said, usually contain a 
consid(n-able proportion of potash, or of soda, which the secondary 
clays, shales, and slates do not, these last being the result of the de- 
composition of felspathic rocks, from which the alkaline matter has 
been abstraeted during the ])rocesa of decohiposition. But this rea- 
soning proccjeds on insufficient and apparently mistaken data; for a 
large ])c)rtion of what is usually eall(‘d elay, marl, shale, and slate, do{*s 
aetiially contain a certain, and often a considerable, proportion of 
alkali ; so that it is diificult. in many countries, to obtain clay or 
shale suflici(‘ntly frc(i from alkaline ingredients to allow of their being 
burnt int(» bricks or us(;d for ])ottery. 

Thus the argillaceous shales and slates of the Old Red sandstone, 
in Forfarshiiv* and otlun' parts of Scotland, are so much charged with 
alkali, derived from triturated felspar, that, instead of hardc'iiing 
when exposed to fire, they sometimes melt into a glass. They con- 
tain no lime, hut api)oar to consist of extremndy miruto grains of 
the various ingredients of grnnilo, which are distiiiclly visible in 
the coarser-grained varieties, and in almost all the interposed 
sandstones. These laminated clays and shales might certainly, if 
crystallized, resemble in composition many of the primary strata. 

There is also ])otash in fossil veg(‘tahle remains, and soda in the 
salts by wdiich strata are sometimes so largely impregnated, as in 
Patagonia. But recent analysis may b<; said to have settled the 
point at issm?, by demonstrating that tlie carbon ifi irons strata in 
England f, the Upper ami J^ower Silurian in East Canada {, ami 
the clay-slat(‘s (of Cambrian or Lauren tian date ?) in Norway §, 
all (mntaiii as much alkali as is generally present in inetamorpliic 
rocks. 

Another objection has been derived from the alternation of highly 
crystalline strata with others liaviiig a less crystalline iexliirc. 'Dio 
heat, it is said, in its ascent from below must have traversed the Jess 
altered schi^ts before it reached a liigher and more crystalline bed. 

* Dr. Boasc, Primary Geology, p. f Hunt, Phil. Mag., 4tli scr., vol. vii. 
319. p. 237. 

t H. Taylor, Ed in. New. Phil. Journ., Kycrsly, Norsk, Mag. for Nalurvi- 

vol. 1., 1851, p. 140. dcup., vol. viii. p. 172. 
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In answer to this, it may bo observed, that if a number of strata 
differing greatly in composition from each otlicr be subjected to 
equal quantities of heat, or hydrothermal action, there is every pro- 
bability that some will be much more fusible or soluble than others. 
Some, for example, will contain soda, potash, lime, or some other in- 
gredient capable of acting as a flux or solvent ; while others may 
b(} destitute of the same elements, and so refractory as to be very 
slightly affected by the same causes. Nor should it be forgotten 
that, as a general rule, the less crystalline rocks do really occur in 
the upper, and the more crystalline in the lower part of each meta- 
morphic scries. 

Moreover, metamorphism must often begin to exert its force 
long after the strata have assumed a vertical position, and it may 
then act locally or within limited areas, and will be as likely to 
affect the newer as the older beds. As an illustration of such 
partial conversion into gneiss of portions of a highly inclined set 
of beds, I may cite Sir R. Murchison’s nicrnoir on the structure of 
th(; Alps. Slates proviiieially termed flysch ” (see above, y). 304.;, 
overlying the numrnulite limestone of Eocene date, and comprising 
some arenaceous and some calcareous layers, are seen to alternate 
sevciral times with hands of granitoid rock, answering in character 
to gneiss.* In this case heat, va[)our, or water at a high tempera- 
ture may have traversed the more yierraeable beds, and altered them 
so far as to admit of an internal movement and re-arrangement of 
the niolccules, while the adjoining strata did not give y)assage to 
tlic same heated gases or water, or if so, remained unchanged because 
they were conij)osed of less fusible or deeomy^osabh) materials. 
Whatever hyyiothesis we adopt, the phenoinenn (\stablish Ixyond 
a doubt the i)ossibility of the development of the metamorpliie 
structure in a tertiary deposit in planes parallel to those of stratifi- 
cation. 

Whether s,uch y)arallelism bo tlio rule or the exception in gneiss, 
mica-schist, and otlier formations of the same family, is a question 
which I shall discuss at length in the next chapter. 

♦ Geol. Quart. Journ., vol. v. p. ‘211., 1848. 
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CHAPTER XXXVL 

METAMORPHIC ROCKS ^ continued. 

Difinilion of joints, slaty cleavage and foliation — Supposed causes of ihese 
structures — Mechanical theoiy of cleavage — Condensation and elongation of 
slate rocks by lateral pressure — Supposed combination of crysrallinc and 
mechanical forces- -Lamination of some volcanic rocks due to motion —Whether 
the foliation of the crystalline schists be usually parallel with the original pianos 
of stratification — Examples in Norway and Scotland — Foliation in homo- 
geneous rocks may coincide with planes of cleavage, and in unclcavcd rocks 
with those of stratification — Causes of irregularity in the planes of foliation. 

We have already seen that chemical forces of great intensity have 
frequently acted upon sedimentary and fossiliferous strata long 
subsequently to their consolidation, and wo may next inquire 
whether thc5 component minerals of the altered rocks usually arrange 
th<‘rnselves in planes parallel to the original planes of stratification, 
or whether, after crystallization, they more commonly take up a 
dilFereiit position. 

In order to estimate fairly the merits of this question, we must 
lirst define what is meant by the terms (deavage and foliation. 
'J’liero are four distinct forms of structure exhibited in rocks, 
namely, stratification, joints, slaty cleavage, and foliation; and all 
these must have different names, even though there be cases where 
it is impossible, after carefully studying the appearances, to decide 
ujion the class to which they belong. 

Professor Sedgwick, whoso essay On the Structure of large 
^lin(‘ral Masses” first cleared tho wjiy towards a better under- 
.standing of this difficult subject, observes, that joints are distin- 
guishable from lines of slaty cleavage in this, that the rock inter- 
vening between two joints has no tendency to cl(?avc in a direction 
parallel to tlie planes of the joints, whereas a rock is capable of 
indefinite subdivision in the direction of its slaty cleavage. In 
eases where the strata are curved, the planes of cleavage ai'c still 
jierfectly piirallel. This has been observed in the slate rocks of 
part of Wales (see fig. 758.), which consist of a hard greenish slate. 


ti(f.768. 



r.irallcl planes of cleavage lutersectiiig curved strata. (Sedgwirk.) 


The true bedding is there indicated by a number of parallel stripes, 
some of a lighter and some of a darker colour than the general mass. 
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Such stripes are found to be parallel to the true planes of slrati- 
h cation, wherever these are manifested by ripple-mark, or by beds 
containing peculiar organic remains. Some of the contorted strata 
arc of a coarse mechanical structure, alternating with fiiie-grahujd 
crystalline chloride slates, in which case the same slaty cleavage 
extends through the coarser and finer beds, though it is brought out 
in greater perfection in proportion as the materials of the rock are 
fine and homogeneous. It is only when these are very coarse tliat 
the cleavage planes entirely vanish. These planes are usually in- 
clined at a very considerable angle to the planes of the strata. In 
the Welsh hills, for example, the average angle is as much as from 
30° to 40°. Sometimes the cleavage planes dip towards the same 
point of the compass as those of stratification, but more frequently 
to opposite points. It may be stated as a general rule, that when 
beds of coarser materials alternate with those composed of finer 
particles, the slaty cleavage is cither entirely confined to the fine- 
grained rock, or is very imperfectly exhibited in that of coarser 
texture. This rule holds, whether the cleavage is parallel to tlie 
planes of strati ficaiiou or not.* 

In regard to joints, they arc natural fissures which often traverses 
rocks in straight and well-determined lines. They aflbrd to the 
quarryman, as Sir B. Murchison observes, when speaking of the phe- 
nomena, as exhibited in Shropshire and the neighbouring counties, 
the greatest aid in the extraction of blocks of stone ; and, if a suffi- 
cient number cross each other, the whole mass of rock is split into 
symmetrical blocks. The faces of the joints are for the most part 
smoother and more regular than the surfaces of true strata. The 
joints are straight-cut chinks, often slightly ojx*n, often passing, not 
only through layers of successive deposition, but also through balls 
of limestone or other matter which have been formed by concretion- 
ary action, sinc(j the original accumulation of the strata. Such 
joints, therefore, must often ha\ e resulted from one of tlie last changes 
superinduced upon sedimentary deposits.f 

[n the annexed diagram (fig. 759.), the flat surfaces of rock 
A, n, c, represent exposed faces of joints, to which the walls of otlier 
joints, J J, arc parallel, s s are the lines of stratification ; d p ar(‘ 
lines of slaty cleavage, which intersect the rock at a considerable 
angle to the planes of stratification. 

In the Swiss and Savoy Alps, as Mr. Bakewell has remarkcHl, 
enormous masses of limestone are cut througli so regularly by 
nearly vertical partings, and these joints are often so much more 
conspicuous than the seams of stratification, that an inexperienced 
observer will almost inevitably confound them, and suppose the 
strata to be perpendicular in places where in fact they are almost 
horizontal. J 

Now such joints are supposed to be analogous to the partings 

• Geol. Trans., 2d series, vol. iii. p. f Sy.stcm, p. 246. 

401, t Introduction to Geology, chap. iv. 
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Fig. 759. 



J 

Stratification, joints, and cleavage. 
(From Murchison's Silurian System, p. 245.) 


which separate volcanic and plutonic rocks into cuboidal and pris- 
matic masses. On a small scale we see clay and starch when dry 
split into similar shapes; this is often caused by simple contrac- 
tion, whether the shrinkinj; be due to the evaporation of water, 
or to a change of temperature. It is well known that many sand-' 
stones and other rocks expand by the application of moderate 
degrees of heat, and then contract again on cooling ; and there can 
be no doubt that large portions of the earth’s crust have, in the 
course of past ages, been subjected again and again to very different 
degrees of heat and cold. These alternations of temperature have 
probably contributed largely to the production of joints in rocks. 

In some countries, as in Saxony, where masses of basalt rest on 
sandstone, the acpieous rock has for the distance of several feet from 
the point of junction assumed a columnar structure similar to that 
of the trap. In like manner some hearthstones, after exposure to the 
licat of a furnace without being medted, have become prismatic. 
CY*rtain crystals also acquire by the application of heat a new in- 
ternal arrangement, so as to break in a new direction, their external 
form remaining unaltered. 

Professor Sedgwick, speaking of the planes of slaty cleavage, 
whero they aro decidedly distinct from those of sedimentary de- 
position, declared in the essay before alluded to, his opinion that no 
retreat of parts, no contraction in the dimensions of rocks in passing 
to a solid state, csiri account for tho phenomenon. He accordingly 
referred it to crystalline or polar forces acting simultaneously, and 
somewhat uniformly, in given directions, on largo masses having a 
homogeneous composition. 

Sir John Ilerschel, in allusit i to slaty cleavage, has suggested, 

“ tliat if rocks have been so heated as to allow a commencement of 
crystallization, — that is to say, if they have been heated to a point at 
which the particles can begin to move amongst themselves, or at 
least on their own axes, some general law must then determine tho 
position in which these particles will rest on cooling. Probably, that 
position will have some relation to the direction in which the heat 
escapes. Now, when all, or a majority of particles of tho same 
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nature have a general tendency to one position, that must of course 
determine a cleavage-plane. Thus we see the infinitesimal crystals 
of Ircsh precipitated sulphate of barytes, and some other such bodies, 
arrange themselves alike in the fluid in which they float; so as, 
wlion stirred, all to glance with one light, and give the appearance 
of silky filaments. Some sorts of soap, in which insoluble mar- 
garates * exist, exhibit the same phenomenon when mixed with 
water ; and what occurs in our experiments on a minute scale may 
occur in nature on a great one.” f 

Professor Phillips has remarked that in some slaty rocks the form 
of the outline of fossil shells and trilobites has been much changed 
by distortion, which has taken place in a longitudinal, transverse, or 
oblique direction. This change, he adds, seems to bo tlie result of 
a “creeping movement” of the particles of the rock along the planes 
of cleavage, its direction being always uniform over the same tract 
of country, and its amount in space being sometimes measurable, and 
being as much as a quarter or even half an inch. The hard shells 
are not affected, but only those which are thin4 Mr. D. Sluirpe, 
following up the same line of inquiry, came to the conclusion, that 
tlie present distorted forma of the shells in certain British slate 
rocks may be accounted for by supposing that the rocks in which 
they are imbedded have undergone compression in a direction jier- 
])(‘ndicular to the planes of cleavage, and a corresponding expansion 
ill th(i direction of the dip of the cleavage.§ 

Subsequently (1853) Mr. Sorby demonstrated tne great extent 
to which this mechanical tlieory is applicable to the slate rocks of 
North Wales and Devonshire ||, districts where the amount of change 
in dimensions can be tested and measured by comparing the dif- 
ferent etfects exerted by lateral pressure on alternating beds of 
liner ami coarser materials. Thus, for example, in the accom- 
panying figure (fig. 760.) it will bo seen that the sandy bed d J\ 
which has olfered greater resistance, has been sharply contorted, 
Avliile the fine-gniined strata, a, by c, have remained comparatively 
unbent. The points d and f in the stratum d f must have been 
originally four times as far apart as they are now. They have been 
Ibrced so much nearer to each other, partly by bending, and partly 
by becoming elongated in the direction of what may be called tliii 
longer axes of their contortions, and lastly, to a certain small amount, 
by condensation. The chief result has obviously been due to the 
bending; but, in proof of elongation, it will bo observed that tlui 
thickness of the bed rf/is now about four times greater in those pans 
lying in the main direction of the flexures than in a plane perpen- 


* Margaric acid is an oleaginous acid, 
formed from different animal and vege- 
ial)lc fatty substances. A mnrgiirate is 
a compound of this acid with soda, po- 
tash, or sonic other base, and is so named 
Ironi its pearly lustre. 

t Tjctter to’the author, dated Cape of 
Good Hope, Feb. 20. 183C. 


f Report, Brit. Assoc., Cork, 1843, 
Sect. p. 60. 

§ Quart. Gcol. Journ., vol. iii. p. 87. 
1847. 

II On the Origin of Slaty Cleavage, by 
TL C. Sorby, Edinb. New. Phil. Journ. 
1853, vol. Iv. p. 137. 
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dicular to them ; and the same bed 
exhibits cleavage-planes in the 
direction of the greatest move* 
ment, although they are much 
fewer than in the slaty strata 
above and below. 

Above the sandy bed d /, the 
stratum e is somewhat disturbed, 
■while the next bed b is much less 
so, and a not at all ; yet all these 
beds, c, A, and a, must have un- 
dergone an equal amount of pres- 
sure with d, the points a and g 
having approximated as much to- 
wards each other as have d and /’ 
The same phenomena are also n*- 
pcated in the beds below rf, and 
might have been shown, had the 
section been extended downwards. 
Hence it appears that the finer beds 
have been squeezed into a fourtli 
of the space they previously oc- 
cupied, partly by condensation, or 
the closer packing of their ulti- 
mate particles (which has given 
rise to the great specific gravity 
of such slates), and partly by elon- 
gation in the line of the dip of the 
cleavage, of which the general di- 
rection is perpendicular to that of 
the pressure. “ These and nume- 
rous other cases in North Devon 
are analogous,” says Mr. Sorby, 

“ to what would occur if a strip of 
pap(T were included in a mass of some soft plastic material which 
would readily change its dimensions. If the whole were then com- 
jnessed in the direction of the length of the strip of paper, it would 
be bent and puckered up into contortions, whilst the plastic material 
would readily change its dimensions without undergoing such con- 
tortions ; and the ditference in distanco of the ends of the paper, as 
measured in a direct lino or along it, would indicate the change in 
the dimensions of the plastic material.” 

The student will readily conceive that, when the shape of a fossil 
or of a crystal of some mineral, or of a spheroidal concretion, has 
b(^en altered by lateral pressure, the new forms which they assume 
respectively will vary according to whether they have yielded in 
one or more directions. They may have been drawn out solely in 
the direction of the dip of the cleavage, or they may have yielded 



(Drawn by H. C. Sorhy.) 

VtTliOiil section of slate rot kin the cliffs 
near lifracoriibe, North Devon. 

Scale one inch to one foot. 

A. r, t. Fino-prained sinter, the stralifl- 
cation being bhown p.irtly hy lighter, or 
darker onlnnrs, and p.irtly hy dlllerent do- 
gr»*p8 orfinenesB in tin* gram. 
d/j. A roarMT-gr.iiniHi lipht>rnloiired sandy 
slate with less perfect cleavage. 
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ill a plane perpendicular to that dip, or they may have undergone 
both these movements. By microscopic examination of minute 
(crystals, and by other observations too minute to be detailed here, 
Mr. Sorby comes to the conclusion that the absolute condensation of 
the slate rocks amounts upon an average to about one half their 
original volume. This must have resulted chiefly from the forcing 
of the particles more closely together, so as to fill up the spaces left 
between them, when they only touched each other. The rest of the 
change has been due to elongation which has produced slaty cleavage. 

Most of the scales of mica occurring in certain slates examined by 
Mr. Sorby lie in the plane of cleavage ; whereas in a similar rock 
jiot exhibiting cleavage they lie with their longer axes in all direc- 
tions. May not their position in the slates have been determined 
by the movement of elongation before alluded to ? To illustrate this 
theory some scales of oxide of iron were mixed with soft pipe-clay 
in such a manner that they inclined in all directions. The dimen- 
sions of the mass were then changed artiflcially to a similar extent 
to what has occurred in slate rocks, and the pipe-clay was then dried 
and baked. When it was afterwards rubbed to a flat surface perpen- 
dicular to the pressure and in the line of elongation, or in a plane 
corrcspoiidiiig to that of the dip of cleavage, the particles were found 
to have become arranged in the same manner as in natural slates, 
jind the mass admitted of easy fracture into thin flat pieces in the 
plane alluded to, whereas it would not yield in that perpendicular to 
the cleavage.* 

Dr. Tyndall, when commenting in 1860 on Mr. Sorby 's experi- 
ments, observed that pressure alone is sufficient to produce cleavage, 
and that the intervention of plates of mica or scales of oxide of iron, 
or any other substances having flat surfaces, is quite unnecessary. 
In proof of tliis he showed experimentally that a mass of “pure 
white wax after having been submitted to great pressure, exhibited 
a cleavage more clean than that of any slate-rock, splitting into 
laminas of surpassing tenuity He remarks that every mass of clay 
or mud is divided and subdivided by surfaces among which the 
cohesion is comparatively small. On being subjected to pressure, 
siicli masses yield and spread out in the direction of least resistance^ 
small nodules become converted into laminsc separated from each 
other by surfaces of weak cohesion, and the result is that the mass 
cleaves at right angles to the line in which the pressure is exerted. 
The experiments of Mr. Sorby in reference to tlie manner in which 
scales of mica and oxide of iron arrange tliemselves in soft pipe-clay 
under compression have been supposed to lend countenance to th(i 
opinion that the lamination of basalt and trachyte, and even of some 
kinds of gneiss, and the grain of certain granites, may all have been 
determined by a mechanical cause, a movement having taken })lace 
after the development of crystals in the pasty mass. 


* Sorby, as cited above, p. 741., note, 
f Tyndoll, View of the Cleavage of Crj'stals and Slate Rocks. 
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Mr. Scrope, in liis description of the Ponza Islands, ascribed the 
zoned structure of the Hungarian perlite (a semi-vitreous trachyte) 
to its having subsided, in obedience to the impulse of its own 
gravity, down a slightly inclined plane, while possessed of an im- 
perfect fluidity. In the Islands of Ponza and Palmarolo, the direc- 
tion of the zones is more frequently vertical than horizontal, because 
the mass was impelled from below upwards.”* In like manner, 
Mr. Darwin attributes the lamination and fissile structure of volcanic 
rocks of the trachytic scries, including some obsidians in Ascension, 
Mexico, and elsewhere, to their having moved when liquid in the 
direction of the laminae. The zones consist sometimes of layers of 
air-cells drawn out and lengthened in the supposed direction of the 
moving mass. This division into parallel zones, thus caused by the 
stretching of a pasty mass as it flowed slowly onwards, he com- 
pares to the zoned or ribboned structure of ice, which Professor 
James Forbes has endeavoured to explain by referring to the fis- 
suring of a viscous body in motion.*]' 

Whatever bo the cause, the result, observes Darwin, is well 
w'orthy the attention of geologists ; for, in a volcanic rock of the 
trachytic series in Ascension, layers are seen often of extreme 
tenuity, even as thin as hairs, and of different colours, alternating 
again and again, some of them composed of crystals of quartz and 
diopside (a kind of augite), others of black augitic specks with 
granules of oxide of iron, and lastly, oth(»rs of crystalline felspar, 
Jt is supposed in this case that the crystallizing force acted more 
freely in the direction of the planes of cleavage, produced when the 
pasty mass was stretched, whether because confined vapours were 
enabled to spread tiieniselves through the minute fissures, or because 
the ultimate molecules had more freedom of motion along the planes 
of less tension, or for some other reasons not yet understood. 

After studying, in 1835, the crystalline rocks of South America, 
Mr. Darwin proposed the term foliation for the laminae or plates 
into which gneiss, mica-schist, and other crystalline rocks arc 
divided. Cleavage, he observes, may be applied to those divisional 
planes which render a rock fissile, although it may appear to the 
eye quite or nearly homogeneous. Foliation may be used for those 
alternating layers or plates of different mineralogical nature of 
which gneiss and other metamorphic schists are composed. The 
cleavage planes of the clay-slate in Terra del Fuego and Chili 
]>reserve a uniform strike for hundreds of miles in regions where 
these planes are quite distinct from stratification. In the same 
country the planes of foliation of the mica-schist and gneiss are 
j»arallel to the cleavage of the clay-slate. Hence we are tempted, at 
first sight, to infer that some common cause or process, and that cause 
not connected with sedimentary deposition, has'impressed cleavage on 
the one set of rocks and foliation on the other. But such an infer- 
ence can only be legitimately drawn in those rare cases where we 

Gcol. Trans., Second Series, vol. ii. p. 227. 
t Darwin, Volcanic Blands, pp. 69, 70. 
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are able, by a continuous section, to prove that not only the strike, but 
the (lip of the slaty cleavage on the one hand, and of the foliation on 
tlio other, precisely coincide ; the cleavage at the same time not being 
parallel to the stratification in the slate rock. In some examples 
cited by Mr. Darwin, in Terra del Fuego, the Clionos Islands, 
and La Plata, this uniformity of dip seems to Inive been traced in a 
manner as satisfactory as the nature of such evidence Avill allow. 
But we must be on our guard against a source of deception which 
may mislead us in this chain of reasoning. We are informed that 
in South America, as in other countries, the strike of the cleavage 
in clay-slate conforms to the axis of elevation of the rocks in the 
sMine districts. Hence it must follow that the folia of gneiss, ini(ia- 
.schi>t, limestone, and other crystalline rocks, even if they strictly 
coincide with the planes of original stratification, will run in the 
same direction as the strike of the slaty ch‘avage ; for the true 
strata always dip at right angles to the axis of clevatimi, and are 
])jirji]lel to it in their strike. No argument, therefore, can be drawn 
ill favour of a common origin from uniformity of strike in the slaty 
and foliated rocks ; for we require*, in addition, coincidcmcc of dip ; 
and such is the variability of the dip both of the slates and folia as 
to nuidor this kind of proof very difhcult to obtain. 

That the planes of foliation of the crystalline schists in Norway 
siccord very generally with those of original stratification is a con- 
c.luhioii long since espoused by Keilhau.* Numerous observations 
made by Mr. David Forbes in the same country (the best probably 
in Europe for studying such phenomena on a grand scale) confirm 
Keillijiu’s opinion. In Scotland, also, Mr. D. Forbes has ])ointed out 
a striking case where the foliation is identical with the lines of stra- 
ti lication in rocks well seen near Crianloricli on the road to Tyndrum, 
about 8 miles from Inverarnoii in Perthshire. There is in that 
locality a blue limestone foliated by the intercalation of small plates 
of white mica, so that the rock is often scarcedy distinguishable in 
aspect from gneiss or mica-seliist. The stratification is shown by 
the large beds and coloured bands of limestone all dipping, like the 
Iblia, at an angle of 32 degrees N.E.f 
In siratifi(!d formations of ev(n*y age wo sec layers of siliceous 
sand with or without mica, alternating with clay, with fragments 
of shells or corals, or with seams of vegetable matter, and we sJiould 
(?xj)cct the mutual attraction of like particles to favour the ciystal- 
lization of the quartz, or mica, or felspar, or carbonate of lime along 
the planes of original deposition, rather than in planes placed at 
angles of 20 or 40 degixjcs to those of stratification. 

in Patagonia, a series of thin sedimentary layers of tuff were 
observed by Mr. Darwin to have become porphyritic, first Avhore 
least altered, by a process of aggregation, small patches of clay 
aj)peariiig to be shortened into almc^nd-shaped concretions, which in 

* Norske Mag. Naturvidsk., vol. i. t Memoir read before the Geol. Soc. 
p. 71. Loiidou, Jan. 31. 1855. 
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those places where they were more changed had become crystals of 
felspar, having their longer axes parallel to (?ach other. In other 
associated strata, grains of quartz had in like manner aggregated 
into nodules of crystalline quartz.* 

May Ave not, then, presume that in rocks wdicre no cleavage has 
inita vened, foliation and the planes of stratification will usually 
coincide, as in all cases where cleavage happens (as in the writing- 
slates of the Nieseii on the Lake of Thun in Switzerland, containing 
lucoids) to agree with the original planes of sedimentary deposition ? 
Mr. Darwin conceives that “foliation may be the extreme result of 
the process of which cleavage is the first effect or, at iiny rate, 
that the crystalline force may have been most energetic in the 
direction of cleavage. As bearing on this view, he says, “ I Avas 
particularly struck in the eastern parts of Terra del Fuego with the 
fact that the fine lamina) of clay -slate, where they cut straight 
through the bands of stratification, and therefore indisputably true 
cleavage-planes, differ slightly from one another in their greyish 
and greenish tints of colour, as also in their compactness, and in 
some lamina) having a more jaspery appearance than others. This 
fact shoAvs that the same cause Avhich has produced the highly 
lissile structure has altered in a slight degree the mincralogical 
character of the rock in the same planes.’^ "j As one step farther 
toAvards tracing a passage from planes of cleavage to those of folia- 
tion, Professor Sedgwick observes that in North Wales the surfaces 
of slates are sometimes coated over with chlorite, “ the crystals of 
which have not only defined the cleavage planes but struck through 
the whole mass of the rock.^’ J So also, says Mr. Darwin, in some 
] daces in South America crystals of epidote and of mica coat the 
lilanes of cleaA’^agc. 

There seems to be no difficulty in imagining that in rocks of 
homogeneous composition the foliation may take place along planes 
]>i-eviously caused by the elongation of the materials along the dip 
of the cleavage ; for experienced geologists have been at a loss to 
decide in many countries which of tAvo sets of divisional planes were 
referable to cleavage, and which to stratification ; and, after much 
doubt, have discovered that they had at first mistaken the lines of 
cleavage for those of deposition, because the former Avere by far the 
most marked of the two. Now if such slaty masses should become 
higlily crystalline, and be con veiled into gneiss, hornblende-schist, 
or any other member of the hypogene class, the cleavage planes 
might possibly remain more visible than those of stratification. 
Professor HensloAv' had noticed, so long ago as the year 1821, that 
the lamination of the chloritic and other crystalline schists in 
Anglesea was approximately in the planes of bedding ; and Pro- 
fessor Ramsay, in 1841, observed the same in regard to the gneiss 
and mica-schist of Arran. The last-cited geologist says, in reference 

• South America, p. 149. t Sedgwick, GcoL Trans., See. Scr., 

t Geol. Observ. on South America, vol. iii. p. 471. 
p. 155. 
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to Aiif^lesea, that the metamorpliism probably took place when the 
Ijower Silurian volcanos were in activity, and therefore long Ix^fore 
the cleavage of the Welsh rocks ; for the cleavage of the latter 
atfects in common the Lower Silurian and the Cambrian strata. In 
tlie same memoir ho adds, when referring to Mr. Darwin’s theory of 
foliation, “ that, if the rocks be uncleaved when inetamorphism 
occurs, the foliation planes will be apt to coincide with those of 
bedding ; but if intense cleavage has preceded, then we may expect 
that the pianos of foliation will lie in the planes of cleavage.” * 

From what I have myself seen in the Grampians, both in Forfiir- 
shire and Perthshire, I have always concluded that MncCulloch was 
correct in the opinion that gneiss and mica-schist may be considered 
as stratified rocks, and that certain beds of pure quartz, one or two 
feet thick, which run for miles in the strike of their foliation, as well 
as the intercalation of masses of limestone, and of chloritic, acti- 
nolitic, and honiblendic schists, all indicate the planes of original 
stratification. At the same time, 1 fully admit that the alternate 
lay(;rs of quartz, or of mica and quartz, of felspar, or of mica and 
fels|)ar, or of carbonate of lime, are more distinct, in certain meta- 
m()rj)hic rocks, than the ingrcnlieiits composing alternate layers in 
most sedimentary dejmsits, so that similar particles must be supposed 
to liave (‘xerted a molecular attraction for eacli other, and to have 
congregated tog(‘ther in layers more distinct in mineral com])osition 
than before they were crystallized. 

VV(5 have seen how mu<di the original planes of stnatification may 
bo interfer(*d with or even obliterated by concretionary action in 
deposits still retaining their fossils, as in the ease of the magnesian 
limestone (see p. ilT.). Hence we must expect to be frequently 
l)jifflcd when we attempt to decide wbetlior the foliation does or 
does not accord with that arrangement which gravitation, combined 
with current-action, imparted to a deposit from water. Moreov(*r, 
Avhe.n we look for stratification in crystalline rocks, we must be on 
our guard not to expect too much regularity. The occurrence of 
wedge- shaped masses, such as belong to coarse sand and pebbles, — 
diagonal lamination (see p. 16.), — rip])le-raarkcd, — unconforinable 
stratification (p. 16.), — the fantastic folds produced by lateral ])ros- 
.sui-e, — liiulls of various width, — intrusive dikes of trap, — organic 
bodies of div(*.rsified shnj)es, — and other causes of unevenness in the 
])laiies of d(‘position, both on the small and on the largo scale, will 
iiitorfcro with parallelism. If complex and enigmatical appearances 
did not present themselves, it would be a serious objection to the 
met}inK)rpliic tlieory. 

Mr. Sorby has shown that the peculiar structure belonging to 
ripple-marked sands, or that which is generated wbeA ripples are 
formed during the deposition of llic materials, is distinctly recog- 
nizable in many varieties of mica-schists in Scotland. I 

* Gcol. Quart. Journ., 1853, vol. f Sorby, Gcol. Quart. Jouni., 

ix. p. 172. vol. xix. p. 401. 
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In the accoinpiinying diagram I Jiavc represented carefully Hu* 
jjg yej lamination of a coarse argilla- 

ceous schist whicli I examined 
in 1830 in the Pyrenees. In 
j)art it approaches in character 
to a green and blue rooting- 
slate, while part is extremely 
quartzose, the whole mass pass- 
ing downwards into micaceous 
schist. Tlio vertical section 
here exhibited is about 3 feet 
layers are 

sometimes so thin that lifty may 
he counted in the thickness of an inch. Some of them consist of 
jiure quartz. 

There is a resemblance in such cases to the diagonal lamination 
which we see in sedimentary rocks, even though tlie layers of quartz 
and of mica, or of fdspar and other minerals, may be more distinct 
in alternating folia than they were originally. 

M. Elie de Beaumont, while he regards the greater part of the 
gneiss and mica-schist of the Alps as sedimentary strata altered 
by plutonic action, still conceives that some of the Alpine gneiss 
may have been erupted, or, in other words, may be granite drawn 
out into parallel laminae in the manner of trachyte, as above 
alluded to.* 

If tlie mass were squeezed and elongated in a certain direction 
after crystals of mica, talc, or other scaly minerals were developed, 
these may perhaps liave arranged themselves in planes parallel to 
lliose of movement, and a similar ju'oeess may account for what tlic 
quarrymen call “ the grain” in some granites, or a tendency to s]>lit 
in one direction more freely than in another. But, as a general rule, 
the fusion of the crystalline schists does not appear to have gone so 
far as to allow of motion analogous to that of lava or granite, and 
for this reason rocks of this class do not send veins into surrounding 
rocks. In the next chapter we may inquire at how many distinct 
periods the hypogene or inctamorphic schists can be proved to have 
originated, and why for so long a time the earlier geologists regarded 
them as entitled to the name of “primitive.” 



* Bulletin 8oc. Geol. dc France, 2e serie, vol. iv. p. 1301. 
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CHAPTER XXXVn. 

ON THE DIFFERENT AGES OP THE UETASIORPniC ROCKS. 

Age of each set of metamorphic strata twofold — Test of age by fossils and mineral 
character not available — Test by superposition ambiguous — Conversion of dense 
masses of fossiliferous strata into metamorphic rocks — Limestone and shale of 
Carrara — Metamorphic strata of older date than the Cambrian rocks — Otlicrs 
of Lower Silurian origin — Others of the Jurassic and Eocene periods in tlits 
Alps of Switzerland and Savoy — Why scarcely any of the visible crystalline 
strata are very modern — Order of succession in metamorphic rocks — Uni- 
formity of mineral character — Why the metamorphic strata are less caloarcuns 
than the fossilferous. 

According to the theory adopted in the last chapter, the age of eiieh 
s({t of mctamorpliic strata is twofold, — they have been deposited at 
one period, they have become crystalline at another. We can rarely 
hope to define with exactness tho date of both these periods, tlio 
fossils having been destroyed by plutonic action, and tho mineral 
cliaracters being the same, whatever the age. 'Superposition itself 
is ail ambiguous test, especially when we desire to determine tins 
period of crystallization. Suppose, for example, wo are convinced 
that certain metamorphic strata in tlio Alps, which are covered by 
cndaceous beds, are altered lias; this lias may have assumed its 
crystalline texture in tho cretaceous or in some tertiary period, tlio 
Eocene for example. If in the latter, it sliould be called EoceiKj 
when regarded as a metamorphic rock, although it be liassic when 
considered in reference to the era of its deposition. According to this 
view, tho superposition of chalk docs not prevent the subjacent 
metamorphic rock from being Eocene. 

When discussing tho ages of tlio plutonic rocks, we have scon that 
examples occur ot various primary, secondary, and tertiary di‘posits 
converted into metamorphic strata, near their contact with granite. 
There can bo no doubt in these cases that strata, once composed of 
mud, sand, and gravel, or of clay, marl, and shelly limestone, hav(j 
for the distance of several yards, and in some instances several 
hiindnjd fe(*t, been turned into gneiss, mica-schist, hornblende-schist, 
chlorite-schist, quartz rock, statuary marble, and the rest. (See the 
two preceding Chapters.) 

But when the metamorphic action has operated on a grander scale, 
it tends entirely to destroy all monuments of tho date of its devidop- 
inent. It may be easy to prove the identity of two different part.s of 
the same stratum; one, where the rock h:i.s bi'on in contact witli a 
volcanic or plutonic mass, and has been changed into inarblo or 
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hornblende- schist, and another not far distant, where the same bed 
remains unaltered and fossiliferous ; but when we have to compare 
two portions of a mountain chain — the one metamorphic, and the 
other unaltered — all the labour and skill of the most practised ob- 
servers are required, and may sometimes be at fault. I shall men- 
tion one or two examples of alteration on a grand scale, in order to 
explain to the student the kind of reasoning by which we are led to 
infer that dense masses of fossiliferous strata have been converted 
into crystalline rocks. 

Northern Apennines — Carrara. — The celebrated marble of Car- 
rara, used in sculpture, was once regarded as a typo of primitive 
liintistone. It abounds in the mountains of Massa Carrara, or the 
“ Apuan Alps,” as they have been called, the highest peaks of whicli 
are nearly 6000 feet higli. Its great antiquity was inferred from its 
mineral texture, from the absence of fossils, and its passage down- 
wards into talc-schist and garnetiferous mica-schist; these rocks 
again graduating downwards into gnei‘ 53 , which is pciK'trated, at 
Forno, by granite veins. Now the researche‘^ of MM. Savi, Boui'*, 
Pareto, Guidoni, De la Bechc, Hoffinann, and Pilla have demon- 
strated that this marble, once supposed to be formed before the ca- 
istence of organic beings, is, in fact, an altered limestone of the Oolitic 
period, and the underlying crystalline schists are secondary sand- 
stones and shales, modified by plutonic action. In order to cstabli&li 
these conclusions, it was first pointed out, that the calcareous rocks 
bordering the Gulf of Spezia, and abounding in Oolitic fossils, 
assume a texture like that of Carrara marble, in proportion as they 
are more and more invaded by certain trappean and plutonic rocks, 
such as diorite, euphotide, serpentine, and granite, occurring iu th(} 
same country. 

Jt was tlien observed that, in places where the secondary forma- 
tions are unaltered, the uppermost consist of common Apenniiu^ 
limestone with nodules of flint, below which are shales, and at tluj 
base of all, argillaceous and siliceous sandstones. In the limestomj 
fossils are frequent, but very rare in the underlying shale and sand- 
stone. Then a gradation was traced laterally from these rocks into 
another and corresponding series, which is completely metamorphic ; 
for at the top of this we find a white granular marble, wholly devoid 
of fossils, and almost without stratification, in which there are no 
nodules of flint, but in its place siliceous matter disseminated 
through the mass in the form of prisms of quartz. Be low this, and 
in place of the shales, arc talc-schists, jasper, and hornstone ; and ut 
the bottom, instead of the siliceous and argillaceous sandstones, an! 
quartzite and gneiss.* Had these secondary strata of the Apennines 
undergone universally as great an amount of transmutation, it would 
have been impossible to form a conjecture respecting their true age ; 
and then, according to the method of classification adopted by the 

* See notices of Savi, Hoffmann, and and tom. iii. p. 44. ; also Pilla, cited by 
others, rrferred to by Roue, hull, dc Ja Murchison, Quart. Gcol. Journ., voJ. v. 
boc. Gcol. de France, tom. v. p. 317.; p. 2G6. 
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earlier geologists they woul^ have ranked as primary rocks. In that 
case the date of their origin would have been thrown back to an era 
antecedent to the deposition of the Lower Silurian or Cambrian 
strata, although in reality they were formed in the Oolitic period, 
and altered at some subsequent and perhaps much later epoch. 

Alps of Switzerland. — In the Alps, analogous conclusions have 
been drawn respecting the alteration of strata on a still more ex- 
tended scale. In the eastern part of that chain, some of the primary 
fossiliferous strata, as well as the older secondary formations, toge- 
ther with the oolitic and cretaceous rocks, are distinctly recognizable. 
Tertiary deposits also appear in a less elevated position on the flanks 
uf the Eastern Alps ; but in the Central or Swiss Alps, the primary 
fossiliferous and older secondary formations disappear, and the Cre- 
taceous, Oolitic, Liassic, and at some points even the Eocene strata, 
graduate insensibly into metamorphic rocks, consisting of granular 
limestone, talc-schist, talcose-gneiss, micaceous schist, and other 
varieties. In regard to the age of this vast assemblage of crystalline 
strata, wo can merely aflTirm that some of the upper portions are 
altered newer secondary, and some of them even Eocene deposits ; but 
we cannot avoid suspecting that the disappearance both of the older 
secondary and primary fossiliferous rocks may be owing to their 
having been all converted in the same region into crystalline schist. 

It is difiicult to convey to those who have nevtT visited the Alps 
a just idea of the various proofs which concur to produce this con- 
viction. In the first place, there arc certain rljgions where Oolitic, 
Cretaceous, and Eocene strata have been turned into granular marble, 
gneiss, and other metamorphic schists, near their contact with gra- 
nite. This fact shows undeniably that plutonic causes continued to 
be in operation in the Alps down to a late period, even after the 
deposition of some of the nuramulitic or middle Eocene formations. 
Having established this point, we are the more willing to believe^ 
that many inferior fossiliferous rocks, probably exposed for longer 
I)eriods to a similar action, may have become metamorphic to a still 
greater extent. 

Wo also discover in parts of the Swiss Alps dense masses of 
secondary and even tertiary strata which have assumed that semi- 
crystalline texture which Werner called transition, and which natu- 
rally led his followers, who attached great importance to mineral 
characters taken alone, to class them as transiiioji formations, or as 
groups older than the lowest secondary rocks. (See p. 93.). Now, 
it is probable tliat these strata have been affected, although in a less 
intense degree, by that same plutonic action which has entirely 
altered and rendered metamorphic so many of the subjacent form- 
ations ; for in the Alps, this action has by no means been confined 
to the immediate vicinity of granite. Granite, indeed, and other 
plutonic rocks, rarely make their appearance at the surface, notwith- 
standing the deep ravines which lay open to view the internal struc- 
ture of these mountains. That they exist below at no great depth 
vre cannot doubt, and we have already seen (p. 704.) that at some 
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points, as ill the Valorsine, near Mont J^lanc, granite and granitic 
veins are observable, piercing through talcose gneiss, which passes 
insensibly upwards into secondary strata. 

It is certainly in the Alps of Switzerland and Savoy, more than in 
any other district in Europe, that the geologist is prepared to nic(*t 
with the signs of an intense development of plutonic action ; for hero 
we find the most stupendous monuments of mechanical violence, by 
wliich strata thousands of feet thick have been bent, folded, and 
overturned. (Sec p. 58.) It is herd that marine secondiiry form- 
ations of a comparatively modern date, such as the Oolitic and Cre- 
taceous, have been upheaved to the height of 12,000, and some 
Eocene strata to elevations of 10,000 feet above the level of the 
sea ; and even deposits of the Miocene era have been raised 4000 or 
5000 feet, so as to rival in height the loftiest mountains in Great 
Britain. 

If tlie reader will consult tlie works of many eminent geologists 
who have explored the Alps, especially those of MM. de Beaumont, 
Studer, Necker, Boud, and Murchison, he will learn that they all 
share, more or less fully, in the opinions above expressed. It has, 
indeed, been stated by MM. Studer and Hugi, that there are com- 
plete alternations on a large scale of secondary strata, containing 
fossils, with gneiss and other rocks of a perfectly metamorphic struc- 
ture. I have visited some of the most remarkable localities referred 
to by these authors ; but although agreeing with them that there an^ 
passages from the fossil iferous to the metamorphic series far from the 
contact of granite or other plutonic rocks, I was unable to convince 
myself that the distinct alternations of highly crystalline, with un- 
altered strata above alluded to, might not admit of a ditferent ex])la- 
nation. In one of the sections described by M. Studer in the highest 
of th(j Bernese Alps, nam(dy in the Koththal, a valley bordering the 
line of perpetual snow on the northern side of the Jungfrau, there 
occurs a mass of gneiss 1(X)0 feet thick, and 15,000 feet long, which 
I examined, not only resting upon, but also again covered by strata 
containing oolitic fossils. These anomalous appearances may partly 
be explained by supposing great solid wedges of iiitrusiv(i gneiss to 
liave been forced in laterally between strata to whicli I found them 
to be in many sections unconformablc. The superposition, also, ef 
the gneiss to the oolite may, in some cases, be duo to a reversal of 
the original position of the beds in a region where the convulsions 
have been on so stupendous a scaL. 

On the Sattcl also, at the base of the Gestellihorn, above Enzcii, 
in the valley of Urbacli, near Meyringen, some of the intercalations 
of gneiss between fossiliferous strata may, I conceive, bo ascribiMl 
to mechanical derangement. Almost any hypothesis of repealed 
changes of position may be resorted to in a region of such ext i n- 
ordinary confusion. The secondary strata having first becorno ver- 
tical, may then in certain portions have become metamorphic (the 
plutonic induenc^ ascending from below), while intervening strata 
rcmLiic.ed uiichaiigeJ. TMie whole series of beds may thou agiiiu 
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liavc been thrown into a nearly horizontal position, giving rise to 
the superposition of crystalline upon fossiliferous formations. 

It was remarked, in Chap. XXXIV., that as the hypogene rocks, 
l»oth stratified and unstratified, crystallize originally at a certain 
depth beneath the surface, they must always, before they are up- 
raised and exposed at the surface, be of considerable antiquity, 
relatively to a large portion of the fossiliferous and volcanic rocks. 
I'liey may be forming at all periods ; but before any of them can 
become visible, they must be raised above the level of the sea, and 
some of the rocks which previously concealed them must have been 
removed by denudation. 

In Canada, as we have seen (p. 578.), the Lower Laurentian 
ixneis.s, quartzite, and limestone, may be regarded as mctamorphic, 
l)ocause organic remains {Kozoon Canadense) have been detected 
ill a part of one of the calcareous masses. Nor can we doubt that 
the Upjier Laurentian, or Labrador series, consisting of gneis.«, 
with Labrador-felspar and felstoiies, in all 10,000 feet thick, have 
assumed their crystalline structure by mctamorphic action, since 
they lie in u neon form able stratification on the Lower Laurentian. 
The remote date of the period when some of these old Laurentian 
strata of Canada were converted into gneiss, may be inferred from 
the fact that ])ebblcs of that rock arc found in the overlying Hu- 
I'onian formation, which is of Lower Cambrian age, if not older 
(p. 578.). The oldest stratified rock of Scotland is the hornblendic 
gnoi'^s of Lewis, in the Hebrides, and that of the north-west coast 
of Kossshirc, represented at the base of tlie section given at p. 67- 
fig. 1)0. It is the same as that intersected by numerous granite 
Acins, which forms the cliffs of Cape Wrath, in Suthcrlandshire 
(sc. f,g. 743. 7(?4.). and is conjectured to be of Lauroiitiaii age. 
Above it, as shown in MacCulloch’s section (fig. 90. p. 67.), lie 
iinconformable beds of a reddi.sh or purplish sandstone and conglo- 
merate, nearly horizontal, and between 2000 and 3000 feet thick. 
In these ancient grits no fossils have been found, but they are sup- 
])osed to be of Lower Cambrian date, and they certainly do not 
In loiig to the Old Hod, as was formerly supposed, for they have 
b( (*n shown by Sir Roderick Murchison to pass in the North High- 
hinds or in the three nortbern counties of Scotland, under quartz 
rocks, which, w'ith a subordinate limestone, rest unconformably 
upon theqi. In this limestone, in 1854, Mr. Charles Peach found 
some obscure organic remains, which led Sir R. Miircliison to insti- 
tute a searcliing inquiry, and eventually to establish beyond all doubt 
that the calcareous formation in question was of Lower Silurian age. 
I’liis was one of the most important steps made of late years in the 
ju’ogrcBs of British Geology, for it led to a very unexpected conclu- 
sion, namely, that all the Scotch crystalline strata to the eastward, 
once called primitive, which overlie the limestone and quartzite in 
<piestion, are referable to some part of the Silurian series. Tlie 
most abundant and best preserved shells of the limestone are tbote 
obtained from Durness and Assynt. 1'hey comprise among others 
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three or four species of Orthoceras^ also the genera Cyrtocerm and 
Lituites, two species of Murchisonia^ a Pleurotomaria, a species 
of Maclurea, one of Enomphalns^ and an Orthis, Several of the 
species fire believed hy Mr. Salter to be identical with Lower Silurian 
fossils of Canada and the United States. The mere occurrence of 
Cepliiilopoda in such numbers is strongly against the supposition of 
their being Cambrian, and the large siphuiicles of some of the Ortho- 
cerata point distinctly to a Lower Silurian date, for this division 
of the genus, both in Europe and North America (see p. 561.), is 
eminently characteristic of the inferior members of the Silurian 
system (see above, p. 561.). To the fossiliferous rock above men- 
tioned, with its accompanying quartzites, succeed in conformable 
St rati Mention a dense series of gneiss, mica-schists, and clay-slates, 
this younger gneiss being very different in mineral chnn\pter from the 
fundamental gneiss before mentioned. There can bo no question 
that these crystalline formations, which are similar to those of the 
Central and Southern Highlands, comprising the metarnorphic 
rocks of Aberdeenshire, Perthshire, and Forfarsliiro, for example, 
are altere<l Silurian strata ; * the inferences of Sir 11. Murchison 
on this subject having been confirmed by the subsequent obser- 
vations of three able geologists, Messrs. Ramsay, Harkness, and 
Geikie. The newest of the series is a clay-slate, on which, along 
the south(‘rn borders of the Grampians, the I-iower Old Red, con- 
taining Ceplialaspis Lj/elfi^ Pterygotus Avglicusy and Parka deni- 
piensy rests uncon for mably. 

In Anglesea, as was before remarked, the raetamorphism of the 
schists, according to tin* observations of Professor Ramsay, took 
place during the Lower Silurian period. Coupling these conclu- 
sions with the fact that a hypogeno texture has been superinduced 
in the Alps on Middle Eocene deposits (see p, 737.), we cannot 
doubt that, hereafter, geologists will succeed in detecting crystalline 
schists of almost every age in the chronological seri(?s, although the 
fjuantity of metarnorphic rocks visible at the surface must, for 
reasons above explained, diminish rapidly in ju’oportion as the 
monuments of newer eras are investigated. 

Order of snccesaion in metarnorphic rocks , — There is no universal 
and invariable order of superposition in m(*tamorphic rocks, although 
a particular arrangement ma\ prevail throughout countries of gr(*at 
extent, for the same reason that it is traceable in those sedimentary 
formations from which crystalline strata are derived. Thus, for 
example, we have seem that in the Apennines, near Carrara, the de- 
scending series, where it is metarnorphic, consists of, 1st, saccharine 
marble ; 2ndly, talcose-r chist ; and 3rdly, of qiiartz-rock and gneiss : 
where unaltered, of 1st, fossiliferous limestone ; 2ndly, shale; and 
3rdly, sandstone. 

But if we investigate different mountain chains, we find gneiss, 

* Quart. Gcol. Journ., vol. xv. p. 353., 1859. Siluria, 3rd ed., Appendix, 
p. 553. 
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mica-schist, hornblende-schist, chlorite -schist, hypogene limestone, 
iind other rocks, succeeding each other, and alternating with each 
other in every possible order. It is, indeed, more common to meet 
with some variety of clay-slate forming the uppermost member of a 
inetamorphic series than any other rock ; but this fact by no means 
implies, as some have imagined, that all clay-slates Averc formed at 
the close of an imaginary period, when the deposition of the crys- 
talline strata gave Avay to that of ordinary sedimentary deposits. 
Su(ih clay-slates, in fact, arc variable in composition, and sometimes 
alternate with fossiliferous strata, so that they may be said to belong 
almost equally to the sedimentary and inetamorphic order of rocks. 
It is probable that had they been subjected to more intense plutonic 
action, they would have been tran-^formed into hornblende-schist, 
foliated chlorite-schist; scaly talcose-schist, mica-schist, or other 
more perfectly crystalline rocks, such as arc usually associated with 
gneiss. 

Uniformity of mineral character in Hypogene Rocks . — It is most 
true, as Humboldt has happily remarked, that when we pass to 
juiotlier hemisphere, Ave &(*e new forms of animals and plants, and 
<5V<*n new constellations in the heav’ens ; but in the rocks Ave still 
recognize our old acquaintances, — the same granite, the same gneiss, 
the same micaceous schist, quartz-rock, and the rest. There is 
certainly a great and striking general resemblance in the principal 
kinds of hypogene rocks in all countries, however ditferent their 
ages ; but each of them, as we have before seen, must be regarded 
as geological families of rocks, and not Jis d(*tinite minenal com- 
pouinls. They are more uniform in aspect than sedimentary strata, 
because those last are often composed of fragments varying greatly 
in form, size, an<l colour, and contain fossils of ditferent shapes and 
mineral conij)osition, and accpiire a variety of tints from the mixtun} 
t)f various kinds of sediment. The materials of such strata, if 
iiK'lted and made to crystallize, Avould be subject to chemical Ijiavs, 
.siin})h 3 and uniform in their action, the same in every climate, and 
Avliolly undisturbed by mechanical and organic causes. 

It would, hoAvever, be a great error to assume, as some have done, 
that the hy])ogenc rocks, considered as aggrcgat(*s of simple minerals, 
are really more homogeneous in their composition than the several 
members of the sedimentary series. In the first place, different as- 
semblages of hy])Ogcne rocks occur in different countries; and, 
secondly, in any one district, the rocks Avhich ])ass under the same 
name arc often extremely variable in their component ingredients, 
or at least in the proportions in Avhich each of these are imesent. 
Thus, for example, gneiss and mica-schist, so abundant in the 
Grampians, are Avanting in (himberland, Wales, and Cornwall ; in 
parts of the SavIss and Italian Alps, the gneiss and granite are 
talcose, and not micaceous, as in Scotland ; hornblende prevails in 
the granite of Scotland — schorl in that of Cornwall — albite in tin? 
plutonic rocks of the Andes — common fels|)ar in those of Europe. 
In one part of Scotland, the mica-schist is full of garnets ; in another 

3c2 



756 


SCARCITY OF LIME 


[Ch. XXXVII. 

it is wholly devoid of them ; while in South America, according to 
Mr. Darwin, it is the gneiss, and not the mica-schist, which is most 
commonly garnet iferous. And not only do the proportional quanti- 
ties of felspar, quartz, mica, hornblende, and other minerals, vary in 
liypogeiie rocks bearing the same name ; but, what is still more iin- 
j)ortant, the ingredients, as we have seen, of the same simple mineral 
are not always constant (see p. 590., and Table, p. 102.). 

The Metamorphic stratay why less calcareous than the Fossiliferous, 
— It has been remarked, that the quantity of calcareous matter in 
inetaraorphic strata, or, indeed, in the hypogene formations generally, 
is far less than in fossiliferous deposits. Thus the crystalline schists 
of the Eastern and Southern Grampians in Scotland, consisting of 
gneiss, mica-schist, hornblende-schist, and other rocks, many thou- 
sands of yards in thickness, contain an exceedingly small proportion 
of interstratified calcar(*oiis beds, although these have been the 
objects of careful search for economical purposes. Yet limestone is 
not wanting even in the Southern Grampians, in Perthshire and 
Forfarshire, for example, and it is associated sometimes with gneiss, 
sometimes with mica-schist, and in other places with other members 
of the metamorphic series. Where limestone occurs abundantly, as 
at Carrarft, and in parts of the Alps, in connection with hypogene 
rocks, it usually forms one of the superior numibers of the crystalline 
group. The limestones of the Lower Lauren tian in Canada, consist- 
ing of several distinct bands, one of them containing Eozoon Cana- 
densCy and of great thickness (from 7(X) to 1500 feet), afford a re- 
markable exception to the genertal rule. In this instance, however, 
augite, serpentine, and various other minerals are largely intermixed 
with the carbonate of lime. 

Tlie general scarcity of carbonate of lime in the pliitonic and 
metamorphic rocks seems to be the result of some general cause. 
So long. as the hypogene rocks were believed to have originated ante- 
cedently to the creation of org/inic beings, it was easy to impute the 
:ibsence of lime to the non-existence of those mollusca and zoophytes 
by which shells and corals are secreted ; but when we ascribe the 
crystalline formations to plutonic action, it is natural to iiupiire 
whether this action itself may not tend to expel carbonic acid and 
lime from the materials which it reduces to fusion or semi-fusion. 
Although we cannot descend into the subterranean regions where 
volcanic heat is developed, we can ob.^serve in regions of spent vol- 
canos, such as Auvergne and Tuscany, hundreds of sj)rings, both cold 
and thermal, flowing out from granite? and other rocks, and having 
their >vaters plentifully charged with ctirbonate of lime. The quan- 
tity of calcareous matter which th(*se springs transfer, in the course 
of ages, from the lower parts of the earth’s crust to the superior or 
newly formed parts of the same, must be considerable.* 

If the quantity of siliceous and aluminous ingredients brought up 
by such springs were great, instead of being utterly insignificant, it 

* See Principles of Geology, by the Author, Index , ** Calcareous Springs.” 
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might bo contended that the mineral matter thus expelled implies 
simply the decomposition of ordinary subterranean rocks ; but the pro* 
digious excess of carbonate of lime over every other substance must, 
in the course of time, cause the crust of tlie earth below to be almost 
entirely deprived of its calcareous constituents, while we know that 
the same action imparts to newer deposits, ever forming in seas and 
lakes, an excess of carbonate of lime. Calcareous matter is poure<l 
into these lakes and the ocean by a thousand springs and rivers; so 
tliat part of almost every new calcareous rock chemically precipitated, 
and of many reefs of shelly and coralline stone, must be derived from 
mineral matter subtracted by plutonic agency, and driven up by gas 
and steam from fused and heated rocks in the bowels of the earth. 

Not only carbonate of lime, but also free carbonic acid gas, is given 
olf plentifully from the soil and crcvi(!es of rocks in regions of acti^ a 
and spent volcanos, as near Naples and in Auvergne. By this pro- 
cess, fossil shells or corals may often lose their carbonic acid, and tlu; 
residu.al lime may enter into the composition of angite, honilileiuh.*, 
garnet, and other Iiypogeno minerals. That the removal of the cal- 
careous matter of fossil shells is of frequent occurrence, is proved 
by tlie fact of such organic remains being often replaced by silex 
nr other minerals, and sometimes by the space once occupied by the 
fos.'^il being left empty, or only mark(‘d by a faint inipres?ion. We 
ought not indeed to marvel at the general absence of organic re- 
mains from the crystalline strata, wlien we bcvir in mind how ortoii 
fossils arc obliterated, wholly or in part, even in tertiary formations 
— how often vast masses of sandstone and shale, of dilfereut ages, 
and thousands effect thick, are devoid of fossils — how certain strata 
may first have been dejudved of a portion of their fossils when th(‘y 
became senii-crystalline, or assumed the iraftskion state of Werner 
— and how the remaining portion may have been elfaced when tliey 
were rendered iiietamoi*])hic. Rocks of the last-mentioned class, 
moreover, have sometimes been exposed again and again to renewed 
plutonic action. 
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CHAPTER xxxvni, 

MINEBAL VEINS. 

Werner’s doctrine that mineral veins were fissures filled from above — Veins of 
sejcrc^ation — Ordinary metalliferous veins or loiles — Their frequent coiiieidenco 
with faults — Proofs that they originated in fissures in solid rock — Veins shifting 
other veins — Polishing of their walls or “ slicken-sides.” — Shells and pebbles in 
lodes — Evidence of the successive enlargenient and reopening of veins — 
roiirnct’s observations in Auvergne — Dimensions of veins — 'Why some alter- 
nately swell out and contract — Filling of lodes by sublimation from below — 
Chemical and clectrieiil action — Helntivc age of tlic precious metals — Copper 
and lead veins in Ireland older than Cornish tin — Lead vein ip lias, Glamorgan- 
shire — Gold in Uiissia, California, and Australia. — Connection of hot sinings 
and mineral veins — Concluding remarks. 

The manner in which metallic substances are distributed through the 
earth’s crust, and more especially the phenomena of those nc'jirly 
vertical and tabular masses of ore called mineral veins, from which 
(ho larger part of the precious metals used by man are obtained, — 
those are subjects of the highest practical importance to the miner, 
and of no less theoretical interest to the geologist. 

The views entertained respecting metalliferous veins have been 
modified, or, rather, have undergone an almost complete revolution, 
since the middle of the last century, when Wennu', as director of tlio 
School of Mines, at Freiburg in Saxony, first attempted to generalize 
the facts then known. He taught that mineral veins had originally 
been open fissures which were gradually tilled up with crystalline 
and metallic matter, and that many of them, after being once filled, 
had been again enlarged or reopened. He also pointed out that veins 
thus formed arc not all referable to one era, but are of various geo- 
logical dates. 

Such opinions, although slightly hinted at by earlier writers, had 
nev'er before been generally rccciv’^ed, and their announcement by one 
of high authority and great exper "iiice constituted an era in the 
science. Nevertheless, I have shown, when tracing, in another work, 
the history and progress of geology, that Werner was fixr behind some 
of his predecessors in his theory of the volcanic rocks, and less en- 
lightened than his contemporary, Dr. Hutton, in his speculations as to 
the origin of granite.* According to him, the plu tonic formations, as 
well as the crystalline schists, were substances precipitated from a 
chaotic Iluid in some primeval or nascent condition of the planet ; 


rrinciplcs of Geology, chap. iv. 
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and the metals, therefore, being closely connected with them, had 
partaken, According to him, of a like mysterious origin. Ho also 
lj(‘ld that the trap rocks were aqueous deposits, and that dikes of por- 
phyry, greenstone, and btasalt, were fissures filled with their several 
eon tents from above. Hence he naturally inferred that mineral veins 
had derived their component materials from an incumbent ocean, 
rather than from a subterranean source ; that these materials had 
been first dissolved in the waters above, instead of having risen up 
by sublimation from lakes and seas of igneous matter below. 

In pi’oportion as the hypothesis of a primeval fluid, or ^‘chaotic 
menstruum,” was abandoned, in reference to the plutonic formations, 
and when all geologists had come to be of one mind as to the true 
relation of the volcanic and tnippean rocks, reasonable hopes began 
to be entertained that the phenomena of mineral veins might bo 
explained by known causes, or by chemical, thermal, and electrical 
agcnicy still at work in the interior of the i‘arth. Tlie grounds of 
tliis conclusion will be bcttcT understood when the geological facts 
brought to light by mining operations have been described and 
explained. 

On different kinds of mineral veins , — Every geologist is fami- 
liarly acquainted with those veins of quartz which abound in hypogene 
strata, forming lenticular masses of limited extent. They are some- 
times observed, also, in sandstones and shales. Veins of carbonate 
of lime arc equally common in fossiliferous rocks, especially in lime- 
stones. Such veins appear to have once been chinks or small cavities, 
caused, like cracks in clay, by the slirinking of the mass, which has 
consolidated from a fluid state, or has simply contracted its dimensions 
in jiassing from a higher to a lower temperature. Siliceous, calca- 
reous, and occasionally metallic matters have sometimes found their 
way simultaneously into such empty spaces, by infiltration from tlio 
surrounding rocks, or by segregation, as it is often termed. Mixed 
with hot water and steam, metallic ores may have permeated a pasty 
matrix until they reached those receptacles formed by shrinkage, and 
thus gave rise to that irregular assemblage of veins, called by i1k 3 
(Germans a “ stockwerk,” in allusion to the different floors ou which 
the mining op(*rations are in such cases carried on. 

The more ordinary or regular veins are usually worked in verticfil 
shafts, and have evidently been fissures produced by mechanical 
viohmcc. They traverse all kinds of rocks, both hypogene and 
fossiliferous, and extend downwards to indefinite or unknown depths. 
We may assume that they correspond with such rents as we see 
caused from time to time by the shock of an earthquake. Metal- 
liferous veins, referable to such agency, arc occasionally a few inches 
wide, but more commonly 3 or 4 feet. They hold their course con- 
tinuously in a certain prevailing direction for miles or leagues, 
jiassing through rocks varying in mineral composition. 

That metalliferous veins were fissures , — As some intelligent miners, 
after an attentive study of metalliferous veins, have been unable to 
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reconcile many of their characteristics with the hypothesis of fissures 


I shall begin by stating 
the evidence in its fa- 



vour. The most striking 
fact perhaps which can 
be adduced in its sup- 
port is, the coincidence 
of a considerable pro- 
portion of mineral veins 
'with faults^ or those dis- 
locations of rocks wliicli 
are indisputably due to 
mechanical force, as 
above explained (p. 61. ). 
There are even proofs 
in almost every mining 
district of a succession 
of faults, by which the 
opposite walls of rents, 
now the receptacles of 
metallic substances, have 
sufiered displacemen t. 
Thus, for example, sup- 
pose a flf, fig. 762., to bo 
a tin lode in Corn wall, 



the term hde being ap- 
plied to veins contain- 
ing metallic ores. This 
lode, running east ami 
west, is a yard wide, 
and is shifted by a 
copper lode (b h\ of 
similar width. 

The first fissure {a (t) 
has been filled with 
various materials, partly 
of chemical origin, such 
as quartz, fiuor-spar. 


peroxide of tin, sulphurct of copper, arsenical pyrites, bismuth, ami 
-ulphuret of nickel, and partly of mechanical origin, comprising clay 
ami angular fragments or detritus of the intersected rocks. The 
jdates of quartz and the ores are, in some places, parallel to the ver- 
tical sides or walls of tlie vein, being divided from each other by 
alternating layers of clay, or other earthy matter. Occasionally tiu* 
metallic ores are disseminated in detached masses among the vein- 


stones. 

It is clear that, after the gradual introduction of tho tin and other 
substances, the second rent (h U) was produced by another fracture 
accompanied by a displacement of the rocks along the plane of b b. 
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This new opening was then filled with minerals, some of them re- 
sembling those in a a, as fiuor-spar (or fluato of lime) and quartz ; 
others different, the copper being plentiful and the tin wanting or 
very scarce. 

We must next suppose the shock of a third earthquake to occur, 
breaking asunder all the rocks along the lino c c, fig. 763.; the 
fissure, in this instance, being only 6 inches wide, and simply filled 
with clay, derived, probably, from the friction of the walls of the 
rent, or partly, perhaps, washed in from above. This new move- 
ment has heaved the rock in such a manner as to interrupt the con- 
tinuity of the copper vein (6 A), and, .at the same time, to shift or 
heave laterally in the same direction a portion of the tin vein which 
had not previously been broken. 

Again, in fig. 764. wo see evidence of a fourth fissure {d d), also 
filled with clay, which has cut through the tin vein (a a), and ha^ 
lifted it slightly upwards towards the south. The various change's 
here represented are not ideal, but are exhibited in a section obtained 
in working an old Cornish mine, long since abandoned, in the parish 
of Kedruth, called Huel Peever, and described both by Mr. Williams 
.and Mr. Came.* The princip.al movement here referred to, or that 
of c Cy fig. 764., extends through a space of no less than 84 feet; but 
in this, as in the case of the other three, it will be seen that the 
outline of the country above, dy c, by a, &c., or the gijographical 
features of Cornwall, are not affected by any of the dislocations, a 
powerful denuding force having clearly been exerted subseciuently 
to all the faults. (See above, p. 69.) It is commonly said in Corn- 
wall, that there .are eight distinct systems of veins which can in like 
manner be referred to as many successive movements or fractures ; 
and the German miners of the Ilartz Mountains speak also of eight 
systems of veins, referable to as many periods. 

Besides the proofs of mechanical action already explained, the 
opposite walls of veins are often beautifully polished, as if glazed, 
and are not unfrcquently striated or scored with parallel furrows and 
ridges, such as would be produced by the continued rubbing togetlujr 
of surfaces of unequal hardness. These smoothed surfaces resemble 
the rocky lloor over which a glacier has passed (sec fig., p. 139). 
They are common even in cases where there has been no shift, and 
occur equally in non-metalliferous fissures. They are called by 
miners “ slicken-sides,” from the German schlichteny to plane, and seite^ 
side. It is supposed that the lines of the striae indicate the direction 
in which the rocks were moved. During one of the minor earth- 
quakes in Chili, which happened about the year 1840, and was de- 
scribed to me by an eye-witness, the brick walls of a building were 
rent vertically in several places, and made to vibrate for several 
minutes during each shock, after which they remained uninjured, 
and without any opening, although the line of each cr.ack was still 
visible. When all movement had ceased, there were seen on the 

• GeoL Trans, vol. iv. p. 139.; Trans Roy. Geol. Society, Cornwall, vol. ii. p. 90. 
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floor of the house, at the bottom of each rent, small heaps of fine 
brickdust, evidently produced by trituration. 

In some of tho veins in the mountain limestone of Derbyshire, con- 
taining lead, the vein-stuff, which is nearly compact, is occasionally 
traversed by what may be called a vertical crack passing down the 
middle of the vein. The two faces in contact are slicken -sides, well 
polished and fluted, and sometimes covered by a thin coating of lead- 
ore. When one side of the vein-stuff is removed, the other side cracks, 
especially if small holes be made in it, and fragments fly off with 
loud explosions, and continue to do so for some days. The miner, 
availing himself of this circumstance, makes with his pick small 
holes about 6 inches apart, and 4 inches deep, and on his return in a 
few hours finds every part ready broken to his hand.* These pheno- 
mena and their causes (probably connected with electrical action) 
seem scarcely to have attracted the notice which they deserve. 

That a great many veins communicated originally with the surface 
of the country abovi*, or with the bed of the sea, is proved by the 
occurrcuico in them of well-rounded pebbles, agreeing with those in 
superficial alluviums, as in Auvergne and Saxony. In Bohemia, 
such pebbles have been met with at the depth of 180 fathoms. In 
Cornwall, Mr. Came mentions true pebbles of quartz and shite in a 
tin lode of the Belistran Mine, at the depth of 600 feet below the 
surface. They were cemented by oxide of tin and bisulphuret of 
copper, and were traced over a space more than 12 feet long and as 
many wid(*.f Mariiu) fossil shells, al-so, have been found at great 
depths, having probably been cngulphed during submarine earth- 
quakes. Thus, a gryphaia is stated by M. Virlct to have been met 
with in a lead-mine near Seinur, in France, and a madrepore in a 
compact vein of cinnabar in Hungary. J 

AVh(*n diffcTcnt sets or systems of veins occur in the same country, 
those which are suppos(;d to bo of contemporaneous origin, and which 
arc fill(*d with the same kind of metals, often maintain a general 
parallelism of direction. Thus, for example, both the tin and copper 
veins in Cornwall run nearly cast and west, while the lead-veins run 
north and south ; but there is no general law of direction copamon to 
different mining districts. The parallelism of the veins is another 
reason for regarding them as ordinary fissures, for wo observe that 
contemporaneous trap dikes, admitted by all to be masses of melted 
matter which have filled rents, are often parallel. Assuming, then, 
that veins are simply fissures in .vhich chemical and mechanical 
deposits have accumulated, wo may next consider the proofs of their 
having been filled gradually and often during successive enlarge- 
ments. I have already spoken of parallel layers of clay, quartz, and 
ore. Werner himself observed, in a vein near Gersdorff, in Saxony, 
no less than thirteen beds of different minerals, arranged with the 
utmost regularity on each side of the central layer. This layer was 

* Conyh. and Phil. Gcol. p. 401.; and J Foumet, ^^tudes sur les Depots 
^'arcy*s l)ur}»ysh. p. 243. Metaliifercs. 

t Came, Trans, of Geol. Soc. Corn- 
wall, voL iii. p. 238. 



Cii. XXXVIIL] AND PILLING UP OP VEINS. 763 

formcfl of two platos of calcareous spar, which had evidently lined 
the opposite walls of a vertical cavity. The thirteen beds followed 
each other in corresponding order, consisting of Huor-spar, lieavy 
s])ar, galena, &c. In these* cases the central mass has been last 
formed, and the two jilates which coat the walls of the rent on each 
side are the oldest of all. If they consist of crystalline precipitate.*', 
tlM‘y may be explained by suppo.‘'ing the fissure to have remained 
unaltered in its dimmi.sions, wliile a series of changes occurred in 
the nature of the solutions which rose up from below ; but such a 
inode of (lej)o.sition, in the case of many successive and parallel 
layers, appears to bo (*xccptional. 

If a veinstone con.sist of cry.stallinc mathT, the points of the 
crystals are always turned inwards, or towards the ctmtre of tin' 
vein ; in other words, they jioint in the direction where there was 
space for the develojimeiit of the crystals. Thus each new layer 
iec<*iv(*s the impression of the crystals of the preceding layer, and 
imprints its crystals on the one which follow.s, until at length the 
whole of the vein is filled ; the two layers which meet dovetail the 
jK)iiits of tlnnr crystals the one into the other. Ilut in Cornwall, sonu' 
lodes occur where the vertical plates, or vombs^ as they are there 
called, exliihit ciy>tals .so dovt'taih'd as to |>rove tlnit the .same' fi^^suri* 
luis been often enhirg(‘d. Sir II. J)e la lii'che gives the following 
curious and instructive example (fig. 7t52.) from a copper-mine in 


Fig. “fi'i. 



Copper K»d<*, iie.ir Ilcdriitli, enlarpod ;it six siiccivssivc pprioHs, 

gr inile, near Iledruth.* Kacli of the plates or eomh.s {a, b, c, e, 
f) is double', having the ])oints of their crystals turned inwards 
;ilong the axis of the comb. The .‘'ides or Avails (2, 3, 4, .5, and <>) 
aiM' parted liy a thin covering of ochreous clay, so that each comb 
readily separable from anotlier by a moderate blow of the hamnn'r. 
'fhe breadth of each represents the Avhole Avidth of the fu-snre at .^ix 
successive period.s, and the outer walls of the vein, Avhere tin' first 
narrow iviit Avas formed, consisted of the granitic surfaces 1 ami 7. 

A somewhat analogous interpretation is a])plicable to many 
other case's, Avhere clay, sand, or angular detritus, alternate Avitli 
ores and veinstones. Tiius, Ave may imagine the sides of a lissure 
to he cncnu'ted with siliceous matter, as Von lliich observed, in Lan- 
eerote, the walls of a volcanic crater formed in 1731 to b(.* travelled 
by an open rent in Avliich hot vapours had deposited hydrate of 
♦ Gcol. Rep. on Cornwall, p. 340. 
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silica, the incrustation nearly extending to the middle.* Such a 
vein may then be filled with clay or sand, and afterwards re-opened, 
the new rent dividing the argillaceous deposit, and allowing a 
quantity of rubbish to fall down. Various metals and spars may 
then bo precipitated from aqueous solutions among the interstices of 
this licterogeneous mass. 

That such changes have repeatedly occurred, is demonstrated by 
occasional cross-veins, implying the oblique fracture of previously 
formed chemical and mechanical deposits. Thus, fur example, 
M. Fournet, in his description of some mines in Auvergne worked 
under his superintendence, observes that the granite of tliat country 
was first penetrated by veins of granite, and then ‘dislocated, so that 
open rents crossed both the granite and the granitic veins. Into 
such openings, quartz, accompanied by sulphurets of iron and ar- 
senical pyrites, was introduced. Another convulsion then burst 
open the rocks along the old line of fracture, and the first set uf 
deposits were cracked and often shattered, so that the new rent was 
filled, not only with angular fragments of the adjoining rocks, but 
with pieces of the older veinstones. Polished and striated surfaces 
on the sides or in the contents of the vein also attest the reality uf 
these movements. A new period of repose then ensued, during 
which various sulphurets were introduced, together with hornstone 
quartz, by which angular fragments of the older quartz before 
mentioned were cemented into a breccia. This period was followed 
by other dilatations of the same veins, and other sets of mineral 
deposits, until, at last, pebbles of the basaltic lavas of Auvei’gne, 
derived from superficial alluviums, probably of Miocene or older 
Pliocene date, were swept into the veins. I have not space to 
enumerate all the changes minutely detailed by M. Fournet, but 
they are valuable, both to the miner and geologist, as showing how 
the supposed signs of violent catastrophes may be the moiiumenis, 
not of one paroxysmal shock, but of reiterated movements. 

Such repeated enlargement iind re-opening of veins miglit have 
been anticipated, if we adopt the theory of fissures, and reflect how 
few of them have ever been sealed up entirely, and that a country 
with fissures only partially filled must naturally oiler much feebler 
re>istanec along the old lines of fracture than anywhere else. It is 
quite otlicrwise in tlie ease of dikes, where each opening has been 
tlie receptacle of one continuous and homogeneous mass of melted 
mailer, the consolidation of which has taken place under consi- 
derable pressure. Trappean dikes can randy fail to strengthen the 
r«/cks at the points where before tliey wcto weakens!,; and if the up- 
heaving force is again exerted in the same direction, tin* crust of the 
earth will give way anyvvlierc rather than at the prccifeO points 
where the first rents were- produced. 

A large proportion of metalliferous veins have their opposite walls 
nearly parallel, and sometimes over a wide extent of country. The*ro 


Princiidcs, ch. xxvii. 8lh ed. p. 422. 
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is a fine example of this in the celebrated vein of Andreasburg in 
the Hartz, which has been worked for a depth of 600 yards perpen - 
dicularly, and 200 horizontally, retaining almost every whore a 
width of 3 feet. But many lodes in Cornwall and elsewhere are . 
c‘Xtrcmcly variable in size, being 1 or 2 inches in one part^ and then 
8 or 10 feet in another, at the distance of a few fathoms, and then 
again narrowing as before. Such alternate swelling and contraction 
is so often characteristic as to require explanation. The walls of 
fissures in general, observes Sir H. De la Bccho, are rarely perfect 
planes throughout their entire course, nor could we well expect 
them to be so, since they commonly pass through rocks of unequal 
hardness and different mineral composition. If, therefore, the op- 
posite sides of such irregular fissures slide upon each other, that is 
to say, if there bo a fault, as in the case of so many mineral veins, 
tlie parallelism of the opposite walls is at once entirely destroyed, as 
will bo readily seen by studying the annexed diagrams. 


Fig. 7€6. 



Let a 6, fig. 766., be a line of fracture traversing a rock, and let 
n h, fig. 767., represent the same line. Now, if we cut in two apiece 
of paper representing this line, and then move the lower portion of 
this cut paper sideways from a to a', taking csire that the two pieces 
of paper still touch each other at the points 1, 2, 3, 4, 5, we obtain 
an irregular aperture at c, and isolated cavities at ddd, and when 
we compare such figures with nature wo find that, with certain 
modifications, they represent the interior of faults and mineral veins. 
If, instead of sliding the cut paper to the right hand, we move the 
lower part towards the left, about the same distance that it was 
j)r(!viously slid to the right, we obtain considerable variation in the 
cavities so produced, two long irregular open spaces, ff, fig. 768., 
being then formed. This will serve to show to what sliglit cir- 
cumstances considerable variations in the character of the openings 
between unevenly fractured surfaces may be due, such surfaces 
being moved upon each other, so as to have numerous points of 
contact. 

jMost lodes arc perpendicular to the horizon, or nearly so; but 
some of them have a considerable inclination or “ hade,” as it is 
termed, the angles of dip varying from 15° to 45°. The course 
of a vein is frequently very straight ; but if tortuous, it is found 
to bo cliokcd up with clay, stones, and pebbles, at points where it 
fleparts most widely from verticality. Hence at places, such a. 
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fig. 769., the miner complains that the ores are 
“nipped,” or greatly reduced in quantity, the space 
for their free deposition having been interfered with in 
consequence of the pre-occupancy of the lode by earthy 
materials. When lodes are many fathoms wide, they 
are usually filled for the most part with earthy matter, 
and fragments of rock, through which the ores are 
much disseminated. The metallic substances frequently 
coat or encircle detached pieces of rock, which our 
miners call “liorscs ” or “riders.” That we sliould find 
some mineral veins which split into branches is also 
natural, for we observe the same in regard to ope^ fissures. 

Chemical deposits m veins . — If we now turn from the mechanical 
to the chemical agencies which have been instrumental in the pro- 
duction of mineral veins, it may be remarked that those parts of 
fissures which were not choked up with the ruins of fractured rocks 
must always have been filled with water ; and almost every vein has 
probably been the channel by which hot springs, so common in 
countries of volcanos and earthquakes, have made their way to the 
ijurface. For we know that the rents in which ores abound extend 
downwards to vast depths, where the temperature of the interior of 
the earth is more elevated. We also know that mineral veins are 
most metalliferous near the contact of plutonic and stratified for- 
mations, especially where the former send veins into the latter, a 
circumstance wliich indicates an original proximity of veins at their 
inferior extremity to igneous and heated rocks. It is moreover ac- 
knowledged that even those mineral and thermal springs which, in 
the present state of the globe, are far from volcanos, are neverthe- 
less observed to burst out along great lines of upheaval and dislo- 
cation of rocks.* It is also ascertained that all the substances with 
which hot springs are impregnated agree with those discharged in a 
gaseous form from volcanos. Many of these bodies occur as vein- 
stones ; such as silex, carbonate of lime, sulphur, fluor-spar, sulphate 
of barytes, magnesia, oxide of iron, and others. I may add that, if 
veins have been filled with gaseous emanations from masses of 
melted matter, slowly cooling in tho subterranean regions, the con- 
traction of such masses as they pass from a plastic to a solid state 
would, according to the experiments of Deville on granite (a rock 
which may be taken as a standard), produce a reduction in volume 
amounting to 10 per cent. The slow crystallization, therefore, of 
such plutonic rocks supplies us with a force not only capable of 
rending open tho incumbent rocks by causing a failure of support, 
but also of giving rise to faults whenever one portion of the earth’s 
ci'ust subsides slowly while another contiguous- to it happens to rest 
on a different foundation, so as to remain unmoved. 

Although we arc led to infer, from the foregoing reasoning, that 
tliere has ol’ten been an intimate connection between metalliferous 

* See Dr. Daubeny’s Volcanos, 
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veins and hot springs holding mineral matter in solution, yet we 
must not on that account expect that the contents of hot springs and 
mineral veins would be identical. On the contrary, M. E. do Heaii- 
iiiont has judiciously observed that we ought to find in veins those 
.substances which, being least soluble, are not discharged by hot 
springs, — or that class of simple and compound bodies which the 
tli(*rinal waters ascending from below would first precipitate on the 
walls of a fissure, as soon as their temperature began slightly to 
diminish. The higher they mount towards the surface, the more 
will they cool, till they acquire the average temperature of springs, 
being in that case chiefly charged with the most soluble substances, 
such as the alktilis, soda and potash. These are not met with in 
veins, although they enter so largely into the composition of granitic 
rocks.* 

To a certain extent, therefore, the arrangement and distribution of 
metallic matter in veins ma}’' be referred to ordinary chemical action, 
or to those variations in temperature, which Avaters holding the ores 
in solution must undergo, as they rise upwards from great depths in 
the earth. But there are other phenomena which do not .admit of 
the same simple explanation. Thus, for example, in Derbyshire, 
veins containing ores of lead, zinc, and copper, but chiefly lead, 
traverse alternate beds of limestone and greenstone. The ore is 
plentiful where the walls of the rent consist of limestone, but is 
reduced to a mere string when they are formed of greenstone, or 
“toad-stone,” as it is called provincially. Not that the original 
fissure is narrower where the greenstone occurs, but because more 
of the space is there filled with veinstones, and the waters at such 
points have not p.arted so freely with their met.allic contents. 

“ Lodes in Cornwall,” says Mr. Robert W. Fox, “ are very UMich 
influenced in their nu;tallic riches by the nature of the rock which 
tiicy traverse, and they often change in this respect very suddenly, 
in passing from one rock to another. Thus many lodes which yield 
abundance of ore in granite, are unproductive in clay-slate, or kilhis, 
ami vke versa. The same observation applies to killas and the 
granitic porphyry called elvan. Sometimes, in the same continuous 
vein, the granite will contain copper, and the killas tin, or vice 
versa'^^ Mr. Fox, after ascertaining the existence at present of 
electric currents in some of the metalliferous veins in Cornwall, has 
spciculatcd on the probability of the same cause luiving acted origin- 
ally on the sulphurets and muri.ates of copper, tin, iron, and zinc, 
dissolved in the hot water of fissures, so as to determine the peculiar 
mode of their distribution. After instituting experiments on this 
subject, ho even endeavoured to account for the prevalence of Jin 
east and west direction in the principal Cornish lodes by tlieir posi- 
tion at right angles to the earth’s magnetism; but Mr. llciiwood 
and other experienced miners have pointed out objections to the 
theory ; and it must be owned that the direction of veins in different 


Bulletin, iv. p. 1278. 
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mining districts varies so entirely that it seems to depend on lines of 
fracture, rather than on the laws of voltaic electricity. Neverthe- 
less, as different kinds of rock would be often in different electrical 
conditions, wo may readily believe that electricity must often govern 
the arrangement of metallic precipitates in a rent. 

“ I have observed,” says Mr. R. Fox, “ that when the chloride of 
tin in solution is placed in the voltaic circuit, part of the tin is de- 
posited in a metallic state at the negative pole, and part at the positive 
one, in the state of a peroxide, such as it occurs in our Cornish 
mines. This experiment may serve to explain why tin is found con- 
tiguous to, and intermixed with, copper ore, and likewise separated 
from it, in other parts of the same lode.” * 

Belative age of the different metals , — After duly reflecting on the 
facts above described, we cannot doubt that mineral veins, like erup- 
tions of granite or trap, are referable to many distinct periods of the 
earth’s history, although it may be more diflicult to determine the 
precise age of veins ; because they have often remained open for 
ages, and because, as we have seen, the same fissure, after having 
been once filled, has frequently been re-opened or enlarged. But 
besides this diversity of age, it has been supposed by some geologists 
that certain metals have been produced exclusively in earlier, others 
in more modem times, — that tin, for example, is of higher antiquity 
than copper, copper than lead or silver, and all of them more ancient 
than gold. I shall first point out that the facts once relied upon in 
support of some of these views are contradicted by later experience, 
and then consider how far any chronological order of arrangement 
can be recognised in the position of the precious and other metals in 
the earth’s crust. 

In the first place, it is not true that veins in which tin abounds 
arc the oldest lodes worked in Great Britjiin. The government sur- 
vey of Ireland has demonstnated, that in Wexford veins of copper 
and lead (the latter as usual being argentiferous) are much older 
than the tin of Cornwall. In each of the two countries a very 
similar scries of geological changes has occurred at two distinct 
epochs, — in Wexford, before the Devonian strata were deposited ; 
in Cornwall, after the carboniferous epoch. To begin with the Irish 
mining district : We have granite in Wexford, traversed by granite 
veins, which veins also intrude themselves into the Silurian strata, 
the same Silurian rocks as well as the veins having been denuded 
before the Devonian beds were sup'^rimposed. Next we find, in the 
same county, that elvans, or straight dikes of porphyritic granite, 
have cut through the granite and the veins before mentioned, but 
have not penetrated the Devonian rocks. Subsequently to these 
elvans, veins of copper and lead were produced, being of a date cer- 
tainly posterior to the Silurian, md anterior to the Devonian ; for 
they do not enter the latter, and, What is still more decisive, streaks 
or layers of derivative copper have been found near Wexford in the 
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Devonian, not far from points where mines of copper are worked in 
the Silurian strata.* 

Although the precise age of such copper lodes cannot bo defined, 
we may safely affirm that they were either filled at the close of the 
Silurian or commencement of the Devonian period. Besides copper, 
kiad, and silver, there is some gold in these ancient or primary 
iiujtalliferous veins. A few fragments also of tin found in Wicklow 
in tlie drift are supposed to have been derived from veins of the 
same age.f 

Next, if wo turn to Cornwall, we find there also the monuments 
of a very analogous sequence of events. First the granite wa^ 
lormed; then, about the same period, veins of fine-grained granite, 
often tortuous (see fig. 744., p. 705.), penetrating both the outer crust 
of granite and the adjoining fossiliferous or primary rocks, including 
the coal-measures; thirdly, elvans, holding their course straight 
through granite, granitic veins, and fossiliferous slates; fourthly, 
veins of tin also containing copper, the first of those eight systems 
of fissures of different ages already alluded to, p. 761. Here, then, 
the tin lodes are newer than the elvans. It has indeed been stated 
by some Cornish miners thfit the elvans are in some few instances 
posterior to the oldest tin-bearing lodes, but the observations of Sir 
n. do la Bcche during the survey led him to an opposite conclusion, 
and he has shown how the cases refc^rred to in corroboration can 
be otherwise interpreted.^ Wo may, therefore, assert that the most 
ancient Cornish lodes arc younger than the coal-measures of that 
part of England, and it follows that they are of a much later date 
than the Irish copper and lead of Wexford and some adjoining 
counties. How much lat(;r, it is not so easy to declare, although 
probjibly they are not newer than the beginning of the Permian 
period, as no tin lodes have been disco vtired in any red sandstone 
of the Poikilitic group, which overlies the coal in the south-west of 
England. 

Th(»rc aro load veins in the Mendip hills which extend through 
the mountain limestone into the Permian or Dolomitic conglomerate, 
and others in Glamorganshire whicli enter the lias. Those worked 
near Frome, in Somersetshire, have been traced into the Inferior 
Oolite. Jn Boh(‘mia, the rich veins of silver of Joachimstlial cut 
tlirough basalt containing olivine, which overlies tertiary lignite, in 
which are leaves of dicotyledonous trees. This silver, ther(‘for(*, is 
decidedly a tertiary formation. In regard to the ago of the gold of 
the Ural Mountains, in Jiussia, which, like that of California, is ob- 
tained chiefly from auriferous alluvium, it occurs in veins of quart/ 
in llie schistose and granitic rocks of that chain, and is supposed by 
IMM. Murchison, De Vcrneuil, and Keyserling to be newer than the 
syenitic granite of the Ural — perhaps of tertiary date. They ob- 

• I am indebted to SirH. DclaBccho t Sir H. De la Bechc, MS. notes on 
for this infoririatioii. See also maps and Irish Survey. 

sections of li’isli Survey. t Report on Geologv of CoriiwaiJ, 

p. 310. 
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serve, that no gold has yet been found in the Permian conglomerates 
which lie at the base of the Ural Mountains, although large quantities 
of iron and copper detritus are mixed with the pebbles of those 
Permian strata. Hence it seems that the Uralian quartz veins, con- 
taining gold and platinum, were not formed, or certainly not exposed 
to aqueous denudation, during the Permian era. 

In the auriferous alluvium of Russia, California, and Australia, the 
bones of extinct land-quadrupeds have been met with, those of the 
mammoth being common in the gravel at the foot of the Ural Moun- 
tains, while in Australia they consist of huge marsupials, some of them 
of the size of the rhinoceros and allied to the living wombat. They 
belong to the genera Diprotodon and Nototherium of Professor Owen. 
The gold of Northern Chili is associated in the mines of Los Hornos 
with copper pyrites, in veins traversing the cretaceo-oolitic forma- 
tions, so called because its fossils have the character partly of the cre- 
taceous and partly of the oolitic fauna of Europe.* The gold found 
in the United States, in the mountainous partt* of Virginia, North 
and South Carolina, and Georgia, occurs in metamurphic Silurian 
strata, as well as in auriferous gravel derived from the same. 

Gold has now been detected in almost every kind of rock, in slate, 
quartzite, sandstone, limestone, granite, and serpentine, both in veins 
and in the rocks themselves at short distances from the veins. In 
Australia it has been worked successfully not only in alluvium, but 
in veinstones in the native rock, generally consisting of Silurian shales 
and slates. It has been traced on that continent over more than 
nine degrees of latitude (between the parallels of 30® and 39® S.). 
and over twelve of longitude, and yielded in 1853 an annual supply 
equal, if not superior, to that of California ; nor is there any apparent 
prospect of this supply diminishing, still less of the exhaustion of 
the gold-fields. 

It has been remarked by M. de Beaumont, that lead and some 
other metals are found in dikes of basalt and greenstone, as well as 
in mineral veins connected with trap rocks, whereas tin is met with 
in granite and in veins associated with the granitic series. If this 
rule hold true generally, the geological position of tin in localities 
accessible to the miners will belong, for the most part, to rocks older 
than those bearing lead. The tin veins will be of higher relative 
antiquity for the same reason that the “underlying” igneous for- 
mations or granites which are visil ’e to man are older, on the whole, 
than the overlying or trappean formations. 

If different sets of fissures, originating simultaneously at different 
levels in the earth’s crust, and communicating, some of them with 
volcanic, others with heated plutonic masses, be filled with different 
metals, it will follow Chat those formed farthest from the surface will 
usually require the longest time before they can be exposed super- 
ficially. In order to biing them into view, or within reach of the 


* Darwin’s S. America, p. 209., &c. 
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miner, a greater amount of upheaval and denudation must take place 
ill proportion as they have lain deeper when first moved. A con- 
siderable scries of geological revolutions must intervene before any 
part of the fissure, which has been for ages in the proximity of the 
plutonic rocks, so as to receive the gases discharged from it when it 
was cooling, can emerge into the atmosphere. But 1 need not enlarge 
on this subject, as the reader will remember what was said in the 
3()tb, 34th, and 37tlt chapters, on the chronology of the volcanic and 
hypogenc form[itions. 

Concluding Remarks theory of the origin of the hypogene 
rocks, at a variety of successive periods, as expounded in two of the 
chapters just cited, and still more the doctrine that such rocks may 
be now in the daily course of formation, has made and still makes its 
way, butt slowly, into favour. The disinclination to embrace it has 
arisen partly from an inherent obscurity in the very nature of the 
civideucc of plutonic action when developed on a great scale, at par- 
ticular periods. It has also sprung, in some degree, from extrinsic 
con sidlerat ions ; many geologists having been unwilling to believe the 
doctrine of transformation of fossiliferous into crystalline rocks, be- 
cause they were desirous of finding proofs of a beginning, and of 
tracing back the history of ourter raqueous system to times anterior 
to the creation of organic beings. But if these expectations have 
been disappointed, if we have found it impossible to assign a limit to 
that time throughout which it has pleased an Omnipotent and Eternal 
Being to manifest Ills creative power, we have at least succeeded 
b(*youd! all hope in carrying back our researches to times antecedent 
to the existence of man. We can prove that man had a beginning, 
and that all the species now contemporary with man, and many others 
which preceded, had also a beginning. 

It can be shown that the earth’s surface lias been remodelled again 
and again; mountain chains have been raised or sunk; valleys 
ibrmed, filled up, and then re-excavated sea and land have changed 
places ; yet throughout all these revolutions, and the consequent 
alterations of local and general climate, animal and vegetable life 
has been sustained. This has been accomplished without violation 
of the laws now governing the organic creation, whether the succes- 
sion of living beings has been brought about by the transmutation of 
species, or, as some contend, by the abrupt introduction into the 
earth from time to time of new plants and animals, each assemblage 
of new species must have been admirably fitted for the new states of 
the globe as they arose, or they would not have increased and mul- 
tiplied and endured for indefinite periods. 

Astronomy has been unable to establish the plurality of habitable 
worlds throughout space, however favourite a subject of conjecture 
and speculation ; but geology, although it cannot prove that other 
planets are peopled with appropriate races of living beings, has de- 
monstrated the truth of conclusions scarcely less wonderful, — the 
existence on our own planet of so many habitable surfaces, or worlds 

3l>2 
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as they have been called, each distinct in time, and peopled with its 
peculiar races of aquatic and terrestrial beings. 

The proofs now accumulated of the close analogy between ex- 
tinct and recent species are such as to leave no doubt on the mind 
that the same harmony of parts and beauty of contrivance which we 
admire in the living creation has equally characterized the organic 
world at remote periods. Thus as we increase our knowledge of the 
inexhaustible variety displayed in living nature, and admire the in- 
finite wisdom and power which it displays, our admiration is multi- 
plied by the refiection, that it is only the last of a great series of 
pre-existing creations, of which we cannot estimate the number or 
limit in times past.* 

* See the Author’s Anniv. Address to the Geo). Soc., 1837. Proceedings G. S., 
vol. ii. p. 520. 
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ABB 

l BBKVILLR, Post*pliocene, flint tools of, 116 
Ab(*rdco*ialiire, ffranitn of, 701 
Ai)icli, M., on crachytir rocks, .W4 
Abridged tabic of fosailiferous strata, 101 
Acer rubrum^ (Eningcn, ‘251 

trifobatum, (Eningcii, 250, 251 

leaf of, CEningei), 264 

Amidus nobilis. Lias, 419 

Arrogens, term explained, 331 

Acralepts Sedgwickit\ scale of, 460 

Aclinm acutus^ Great Oolite, 402 

Actiiiocjclas in Atlantic mud, 318 

Actinollte-schist, 727 

Ad-ima, Dr., on Nile river-terraces, 118 

jK'hmodns J.eachti^ Idas, 418 

Aegean Sea, mud ot^, 35 

A^piurnis of Madagascar, 462 

AIrlea, South, Devonian strata of, 5i2 

Ag.issiz, M., on carboniferous replilfb, 602 

— on ti»h of Brown-coal, 671 

— on lish of Idas, 418, 419 

— on fish of Mieppey, 291 
— . on footprints, 453 

— on glaciers, 141, 142 

on Monte Bolca fish, 687 

oil Old Bed fossil flsli, 528 

' — on Permian Ash, 459 

on Placodus, 437 

— on Pterygotus, .523 
Agglomerate, 598, 599 
Afitioslus integer. A. Rex. .575 
Air-breathers in Coal, 507 
— - rarity of, .509 

Aix-la-Chapelle, cretaceous flora of, 330 
hot springs at, 733 
Alabama, cretaieous shingle of, 337 

— rivcr-section near, 307 
Alabaster defined, 13 
Alberti, on Keuiier, 432 

Alkali present'in Silurian and Cambrian strata, 736 
Aifuviul deposits t Recent and Post .pliocene, 114 
Alluvium, term explained, 79 

— formation of, 81 

in Auvergne, 80 

Alpine erratics, 142 

— glaciers, colossal size of ancient, 142 
blocks on tbe Jura, 141 

Alps, age of metamorphic rocks in, 761 
■ — Austrian, infra-liassic strata of, 433 
■ — curved strata of, 6H 

elevated fosslliferous rocks in, 4 
- — nutnmulitic limestone of, 304 
— - Swiss and Savoy, cleavage of, 739 


AND 

Alteration of metamorphic rocks, 734 * 

Alternations of different rocks, 14 

of marine and ireshwater formations, 32, 390 

Alum Bay, flora of, 288 
Alum schists of Sweden and Norway, 576 
Alumina in rocks, II 
Amhiyrhynchus crutatn*^ living, 423 
Amcntaces of Swiss Miocene flora, 262 
Amer, volcanic formations near, 661 
America, North. See United States, Canada, and 
Nova Scotia 

America, South, cleavage of ciay-slate In, 745 
— — Cretaceous strata of, 337 
gradual rise of parts of, 46 
American forms in Swiss Miocene flora, 266 
Amiens, PosUpliocene flint tools of, 116 
Ammonites Bucklandi {bisuleaius). 417 

bifrons ( Walcolti). Lias, 416 

Itraikenrtdgii. Oolite, 410 

HumpArcstanus. Inf. Oolite, 409 

Jason {A. Klixabetba). 397 

macrocephnlus. Oolite, 411 

margaritatux {Slokesii). Middle Lias, 416 

Nodotianus {striatuliu). Lias, 416 

planorbis. I^wer Lias, 417 

— lihotomagensis. 329 

striatulus. Upper Lias, 416 
Ampelite.or aluminous slate, 727 
Amphibolc, .592 
Amphibolite, 5^3, 699, 727 
Amphistegina Hauerina. 242 
Amphitherium Jiroderipii. 404 

Prevostiiy Stoncsfleld slate, 404 

AmpxUlaria glauca (recent), 30 
Amsterdam, or St. Paul island, 636 
Amygdaloid, .595, 699 
Analysis of volcanic minerals, 602 
Ananckytes ovata. While Chalk, 323 
AnnUaria subulata. ISocene, 31 
Ancyioeeras gigas, 341 

spimgt rum. 329 

Ancylus ekgans. Pleistocene, 29 
Andelys, chalk cliff’s at, 352 
Andcrnach, strata near, 672 

volcanic sand and loes at, 673 

Andes, plutonic rocks of, 713 

volcanic eruptions of, 734 

Andesite, 594 
Andreasburg, vein of, 765 
Angtosperms in the coal, 477 
term explained, 331 

Anodonta Cordterii. A. iatimarginatus (recent), 28 
An^Uitherium commune. Binstead, 2(M 



774 


INDEX, 


ANO 

Anoph iherium graa’lf, 298 
AntholUhes, Coal, 477 
AnthophyUum liMotutn^ 276 
Anthracite, conversion of coal iiito^ 73& 

— in Rhode Island, 735 
\ Anticlinal line, 48, 57 

* Antiquity of living species, 194 

— of roan, 131 
Antrim, basalt, age of, 240 

rocks altered by ^ikes In, 607 

Ants, winged, of (Enlngen, 250 
Antwerp Crag, fossils of, 205 
Apatean ijedestrls, a carboniferous reptile, 502 
Apennines, Northern, metamorphic rocks of, 750 
Aphaiilte, or comean, 599 
ApiocrinUei rohtruius^ Great Oolite, 399 
Appalachian coal-field, 494, 498 
Appalachians, conversion of coal into anthracite in, 
735 

Apteryx of New Zealand, 128 

Aptychm latut^ 393 

Apuan Alps, marble of, 750 

‘Apus (.') dubius. Coal, 491 

Aquapendente, Older Pliocene volcanic rocks of, 666 

Aqueous deposits, superposition and chronology of, 97 

— erosion in Palma, 630 
rocks defined, 2 

rocks, mineral character of, 98 
Aquitaiiien, term explained, 256 
Aralo-Caspian formations, 209 
Arans, volcanic formations, 693 
Araucaria^ cone of fossil, Inf. Oolite, 407 
Arbroath paving-stone, 523 

section from, to the Grampians, 48 

Archaopteryx tnaerura^ Solenhofon, 394 
Arcftfgosaurus minor , Coal j A. medinu, skin of, 503 
Archiac, M. d*. on fossils of Chalk, 334 
on nummulites, 304 

on Nertia conoidea, 302 

— on pisolltic limestone, 311 

on Touralne faluns, 216 

Arctic icebergs, sixe and weight of, 145 
Ardwhe, lava in, 611 
Area of the Wealdeii, 349 
Arenaceous rocks described, 11] 

Arenig, or Lower Llandeilo, formation, 563 
Arcings, volcanic formations of, G93 
Argile plastique, 303 
Argillaceous rocks, II 
schist, 726 

Ar»le, Duke of, on IileofMull leaf-beds, 240 
Arfiylcshirc, trap vein in cliff, 604 
Arkose, 727 

Arran, age of granite in, 719 

amygdaloid filled with brown spar ncar„ 615 

greenstone dike in, 604 

section of, 722 

Arthur’s Seat, altered strata of, 608 
Arvicola, teeth of, 135 
Asaphus caudattu, Silurian, 555 

tyrannuSt Silurian, 562 ; A. Buehii, 502 
Ascension, lamination of volcanic roi-ks in, 744 
Ashby-de-la-Zouch, fault in coal-field or,l69 
Atpidurn toricata, Muschelkalk, 437 
Astarte bipartita (A. Omalii), 202 

borealis, Clyde drift, 153 

compressa, 164 

Asterolepis, size of, 530 

Asterophyllites/oliosMti, Coal, 471 

Astcrlas limestone, fossils of, 230 

Asti, formations at, 207 

Astrangia lineata, Virginia, 276 

Astrsea basaUiformis, 512 

Astropreten crispatus, Sheppey, 291 

Atberfleid beds. Isle of Wight, 340 

Athyris naotcula, Ludlow, 549 ^ 


BAT 

Atlantic mud composed of organic bodies. 318 
— — Islands, 274 

flora of, l oropared to American, 269 

Atlhiitls, Miocene, theory of, 265—272 
Atmosphere of Coal period, 487 
Atrium of a volcano, 629 

Atrun'a zigzag (NauMtu zigzag), Sheppey and Porto 
Santo, 291. 668 

Atrypa reticularis, Ayroeitry, 551 
Augite, 5'JO, 593, 599 
Augitic porphyry, 599 
Aulupora serpens, Devonian, 635 
Aurillac, freshwater strata of, 228! 

Austen, Mr., on Upper Greensand, 329 
Australia, auriferous gravel of, 7 

cavc-hrecclas of, 123 

gold of. 670 

—— mainmulla of, 127 
Auvergne, alluvium in, 80 

age of trachytic rocks in, 650 

extinct volcanos ot, 677 

granite veins, 764 

iiidusial limestone In, 224 

— iacustriiiL strata of, 220—226 

— » Lower Miocene, freshwater formations of, 223 

mineral veins of. 7(>4 

springs from spent .volcanos, 756 

succession of changes in, 2l8 

Aoieulaeygnipes, Lias, 413 
— - contoria, Trias, 439 

— intequivalvis. Lias, 413 

— papyracea, (;oal, 492 

soctalis, Muschelkalk, 437 

Avicutopecten suhhbatus, .515 
Aymestry limestone, fossils of, 550 
Azores, Upper Miocene, shells of, G69 


TyACILLARIA anceps. White Chalk, 323 
Baculites anceps, Chloritic Marl, 323 
— - Fai^asH, White Chalk, 323 

vulgurts (f) in tnpoli, 25 

Baffin’s Bay, drift of, described, 144 
Bagshot lifds, fossils of, 286 
Baise, Bay of, tufaceous strata containing imple- 
ments, 654 

subterranean igneous action in, 714 

Bakeweil, Mr., on cleavage in Swiss Alps, 739 
Bala beds, thickness mid lossiis of, 6G0 
Baletna emarginata, tympanic lione of, 201 
Balgray, near Glasgow, stumps of trees in coal, 477 
BaltsUda, defensive spine of, 287 
Bangor group, 573 

Barcelona, marine tertiary strata of, 6G6 
Btirmouth sandstones, .573 
Barranco, section through the, G31 
dclas Angustlas, C31 

Barrande, M. Joachim, on primordial zone, 5G9->574 

on trilobites, 5G9, .575 

.'arrett, M. Ia>iiii, on bird in Blackdovn beds, 330 
Barton clay, shells of, 284 
Basalt, 593, .599 

columnar, in the Vicentin, €12 

columnar, of Giant’s Causeway, 6 

columnar, In the Eifel, 613 

— s|>eciflc gravity of minerals in, 650 

Basanite, .599 

BasUosaurus, 308 

Basset, term explained, 56 

Baiterot, M. do, on Bordeaux tertiary strata, 182 

Bateman, Mr. J. F., on Blackpool shellH, 1.59 

Batrachian (?), eggs of, in Old Red, Scotland, .524 

Bats, molars of insectivorous, Kyson, 292 

Bay of Fundy, Impressions in red mud of, 450 

denudation of coal-field in, 485 

Bayfield, on inland cliffs in Cult of St. Lawrence. 
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BEA 

Bein, Mr , on fniill ihells from Oolite, 408 
Beaumont, M. E de, on line between Miocene and 
Eocene, 216 

on pisolitlc limestone, 311 

on Chalk, 334 

on island in Eocene sea, 365 

on Lias, 414 

on formation of granite, G97 

on chemical deposits in veins, 707 

on Jurassic plutonic rocks, 715 

on Plutonic action in Alps, 748 

Beauport, near Quebec, glacial drift at, 163 
Beche, Sir H. de la, on marine liaarda, 424 
— -on Oolite, 427 

on teeth of saiirlans, 445 

on trap of New Red, 689 

on Redruth copper-mine, 763 

Beck, Dr., on graptulites, 561 

on Jutland seaweed, 322 

on Phrjganea, 22.5 

Deckles, Mr. S. H., on mammalia of Purbeck, 379 

on upper jaw of mammals, 383 

on footprints in Hastings Sands, 385 

BelemHita Puxosianus^ Oxford clay, 3^ 

mucronatws (BHemnitella fnucronata)^ 323 

hatlatut^ Oxford clay, 397 

nclgian fossils, 236 

Miocene lormationi, 232 

Belgium, Limburg bcd« of, 239 

Miocene strata of, 234 

IMlerophon coifafut, 516 
Jielospta srpioidfa, .Sheppey, 291 
Bern bridge beds, 279 

Bentham, Mr., on Miocene Atlantis, 266 

Berger, Dr., on rocks altered by dikes, 607 

Berlin, Tertiary strata near, 23.5 

Bermuda Islands, rocks of, 78 

Bernese Alps, gneiss in, 752 

Berthier, M., on augite and hornblende, 591 

Bertru'h-Baden, basaltic pillars at, 612 

Boiidant, Mr., on volcanic rocks of Hungary, 675 

Bcyricli, M., on German Miocene jtratn, 234, 244 

Biaritz, calcareous cliffs of, 72 

Bilin tripol), coniposed of Diatomacear, 25 

Bmiiey, on Stigniuria, 472 

Bird, in Argile plastique, 303 

— tootprints of, 4.52 

Bischoff, Prof., on Nile mud, 119 

on Aix.lu-Ciiapelle spring, 733 

Black crag, recent species in, 206 
Biackdown beds, 329 
Black River, limestone fossils of, 567 
Blackwood, Capl., on Island of St. Paul, 635 
Blainvillc, M. de, on quadrupeds of Gcrs,231 
Boblaye, M., on inland cliifk, 73 
- — cited, 560 
Bog-iron- ore, 26 

Bohemia, Cambrian rocks of, .574 
veins of silver, 769 

BolJcrberg in Belgium, Upper Miocene of, 233 

Bone of reptile, (ireat Oolite, Woodstock, 4U3 

Bone-bed ot fish remains, Armagh, 517 

— - of Upper Ludlow, 548 

Uone.beds, triussic, in Wurtemberg, 431 

Bonelli, Prof., cited, 187 

- — on Italian Tertiary strata, 182 

Boom and Riipeimonde, 235 

Bordeaux, Miocene strata of, 230 

Borrowdaie, black-lead of, 38 

Bosquet, M., on clialk fossils, 332 

■ — on Muestrlcht, beds, 313 

Boston, U. S., contorted strata near, 157 

Boucher de Perthes, M.,on Abbeville alluvium, 115 

Bone, M. Ami, on human skeleton of Rhine, 117 * 

on Hungarian shells, 676 • 

— — on arrangement of rocks, 92 , ^ 


BUC 

Boulder clay, described, 137 
—— formation in Canada, 162 
— — formation In England, 158 
— - fauna of, 160 
Bournemouth, vegetation of, 288 
Boutigny, on evaporation of water firom granite, 701 
Bovey Tracey, lignites of, 238 
Bowen, I.leut. A., R.N., drawings of rocks in Oulf 
of St. Lawrence, 78 

Bowerbank, Mr., on plants of Sheppey, 290 

Bowman, Mr., on coal-seams, 497 

Brachiopoda, Devonian, 583 

Brachyccphalous skull, 113 

Brackish- water and marine strata in coal, 490 

Brackl^aham, beds, fossils of. 286 

Bradford Knerinites, 399 

Brash, term explained, 81 

Bravard, M., on fossils of Mount Perrier, 680 

Brazil, ossirerotis caves of, 128 

Breccia on ancient waste-lines, 73 

Breccias of tiie Caldera of Palma, 626 

Brecciated limestone, 457 

Brick-earth, or fluviatlle loam, 117 

Bridlington beds, fossils of, 198 

Brighton, elephaiit-bed of, 371 

Bristol, Dolomitic conglomerate of, 444 

— — section of strata near, 99 

British Miocene formations, 232 

Brixham cave, near Torquay, 124 

Brocchi, on Italian Tertiary strata, 182 

on Subapennme strata, 207 

firockedon, Mr., on black-lead, 38 

Brockenhurst, shells of, 284 

Brodie, Mr., on Purbeck mammalia, 379 

Rev. P. B., on Lias insects, 425 

Broiigniart, M. Adolphe, on groups of fossil plauts, 332 
. on ferns, 466, 467 

on botanical nomenclature, 331 

on erect fossil trees, 480 

on flora of Biinter, 438 

on age of acrogens, 476 

on Lias plants, 426 

on Eocene flora, 289 

on calainltes, 470 

ilrongniart, M. Alex., on Tertiary series, 181 

— on Eocene strata of France, 295 

on shells of numroulitic formation, 30.5 

on coal-mine near Lynns, 4S0 

Bronn, on $t. Cassian fobsils, 435 
Brontes Jlabetltfer^ 5.36 
Bronze implements found at Pompeii, 112 
at Herculaneum, 112 

— utcnblU at NIdau, 111 
Brora, Oolitic coal formation, 408 
Brown, Mr. R., on Stigmariae, 472 

— on Cape Breton coal-field, 485 * 

on carboniferous rain-prints, 486 

Brown-coal of the Kifel, 672 
Brownsville, view of coal at, 499 

Bryce, on two granileb of Arran, 720 
Bryozotim, term explained, 201 
Buch, Von. See Von Bnch 
Buckley, Dr., on Eocene, U.S., 307 
Bucklaud, Dr., on violent death of saurians, 424 
— on preservation of lower Jaws, 383 
on dirt-bed at Thame, 389 
_ on spines of fish, 420 

on Bristol conglomerate, 445 
on chalk flints, 319 

. Bridgewater Treatise, cited, 401, 403 

on footprints of Trias, 442 

on term Poiklliuc, 430 

on Antrim chalk, 321 

— on Eocene oysters, 293 

on co<il-plants, 477 

on Kirkdale Cave, 124 
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Buddie, Mr., on ancient rlfer-channe of Coal 
period, AOl 

— on creeps In coal-mlnei, 80 
Biifadora of Olot, 685 

Buiat, Dr. 0., on aaltneaa of Red Sea, 448 
Butimus eliiptieus, Bembrldge, 280 

— lubricus, 30 

Biinbury, Sir C., on Virginian foaail plants, 449 

on Madeiran fossil plants, 649 

Bunsen, Prof., on Palagonite, 597 
Bunter sandatein, thickness of, 438 

Labjrinthodon of, 438 

Buprettis f Eiytron of, 410 
Burmeister, on trilobitee, 359 
Burnes, Sir A., on Runn of Cutch, 446 


pAINOZOIC, term explained, 92 
^ Cairo, excavations at, 3 


Caithness, fish-beds of, 527 
Calamary in Lias, 424 
Calamite, structure of, 470 
root of, 469 

Calamitea cunntp/ormiiy Coal, 469 
— — Sucovit^ Coal. 4G9 
Calaniodendron, 470 
Caiamophj/Uia radiaia, 399 
Calcaire grossier, 300 

lower, 302 

siiicleux, 300 

Calcareous rocks. 11 

formation, Maestricht, 313 
Cateartna rarispma, Eocene, 301 
Cakeola tandalina. 537 
Calccola-schiefer, term explained, 53C 
Caldera, the, Gi4 

•-— > of Palm.i, section throug^h the, 624 
Calderas of Java, 620 
.... of the Sandwich Isles, 616 
California, auriferous gravel of, 769 
Calymtne Blununbachiu 555 
Cambrian group, table of, 571 
rocks of Bohemia, 574 
strata of Norway and Sweden, 576 
strata of U.S. and Canada, 576 
volcanic rocks, 693 
Campania, volcanic region of, 653 
CampophyUumJlfxuosuMi Devonian, .511 
Carnpophyllumjlfxuosum, 51 1 ; C. lurbinaium, 554 
Canada, Cambrian strata of, 576 
— — Devonian strata of, 542 

lakes of, 168 

comiferous formation of, 539 

laibradorlte series of, 570 

Canadian drift, 163 

Cauary, GAind, shelly luflfk of, 668 

Islands, volcanos of, 621 

Cantal, lacustrine strata of the, 227 

Plomb du, igneous rocks of, 684 

Cape Breton, coal-measures of, 4f*5 

Wrath, granite veins at, 703, 753 

Caradoc and Bala beds, nomenclature of, 558 
Carbonate of lime in rocks, how tested, 12 
Carboniferous flora, 465—476 
formation, divisions of, 463 
limestone, 51 1 

— limestone of North America, 519 
period, pliitonic rocks of, 716 
—.reptiles, 502 

volcanic rocks, 6R9 

Careharodon heterodon, tooth of, 288 

Cardiotarpon Gtfonis, Permian, 461 

Cardita ptanicusta {Venencardia planieoita)^ 286 


— iulcaint 285 


Cardium diuimile^ Portland-stone, 392 
— pw^Uotum^ 302 


Cardium rhatieum, Trias, 439 

— striaiulum, Klmmeridge clay, 393 
Came, Mr. N., on Cornish lodes, 760 

on pebbles In the lode, 762 

Carpenter, Dr., on Orhitoidxs, 307 
Carrara, hypogene limestone of, 738 

— marble of, 750 
CaryophyUiacaspitota^ 192 

^Cashmere, recent formations in, 108 
Cassian, St., beds, position and fossils of, 432, 434 
Cassitcrides (Cornwall), tin obtained from, 112 
Castel Follit, section of lava at, 664 
Castrogiovannl, lient strata near, 58 
Catalonia, volcanic rocks of, 659 
Catania, tertiary beds of, 191 
Cntenipora etcharoidet, Silurian, 553 
Cfttillus Lamarcktt\ Chalk, 325 
Cauldrons, Giant, of Sweden, 141 
Cauiopteris primava, carboniferous, 466 
Cavo breccias of Australia, 125 
Caverns with human and animal deposits, 121, 123 
Caves at Englhoiil and Brixhain, 124 

at Kirkdale and Brlxham, 124 

in Sicily: 194 

of Wellingion Valley, 126 

Ccllent and Olot, section of volcanic matter be- 
tween, 662 
Celts described, 116 
Cepha/aspis Lyelh^ 522 
Oratitfi nodeSMS, Muschclkalk, 436 
I Cerithium concavum^ Headon series, 2R2 

— elegant, Hempstead, 238 
tnelanoides. 293 

pUcatumt Hegipstcad, 238 

Cn‘vu» akea, molar of, 134 

Ceatracion Phtllippi, recent, 328 

(’halk, differing in N. and S. of Europe, 333 

— escarpments, 358 

— of N ormandy, 354 
pebbles in, 321 

white, section of, 316 

white, extent^nd origin of, 315 

— white, forsils of, 26 

— white, animal origin of, 316 
needles of, in Normandy, 355 

— of Faxoe,3I4 

cliffs on Seine, 352 

flints, 319 

Chalk pinnacle at Sennevillc, 354 
Chalk-pit with potstones, view of, 320 
Chalusct, lava of, 683 
Chama squamosa^ 285 
Chameeropa Helvetica^ Lower Miocene, 2.57 
Chambers, Mr. 1(., on ice in Scotland, 151 
Champoleon, junctiou of granite with Jurassic 
strata, 716 

Champradelle, vertical strata of marl at, 223 
Charaelasltca (recent), C. medtcagtnula^ 32 

in freshwater strata, 31 

in flints of Cantal, 229 

— . luberculata, Bembrldge, 280 
Charlesworth, Mr. E., on Suffolk strata, 105, 109 
— > on Stercognatinis, 406 

Charpenticr, M., on Alpine glaciers, 142 
Chatham coal-field, 454 
Chrirolherium, footsteps of, 441, 504 
Chemical and mechanical deposits, 33 

deposits in veins, 766 

Chinpa, fall of volcanic dust at, 649 

Chiastolite slate, 727 

Chili, gold with copper pyrites In, 770 

— earthquake in, 761 
Chilleiford beds, fossils of, 198 
Ckimtera monatroxa^ Lias, 419 
Chlorite-schist. 8.726, 727 
Christiania, metamorpblc rocks of, 729 
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CAR 

Christiania, quarts veins In gneiss in, 1(ff 
— ■ granite veini in Silurian gneiss or, 718 

trap and syenite of, 701 

Chronology ot deposits, clue to, 184 

— test of, in rocks, 97. 9H 

Ctdaris eoronata^ Coral-rag, 897 
Cinder-bed, Purbeck, 378 
Cinnamomumpolymorphum, G£ningen, 252 
Itossmdislerit 262 

Cladocora sMlaria^ 192 
Claiborne, Eocene strata at, 309 
Clarke County, Rocene section in, 307 
Ciassificatloii of Hastings strata, 34U 
, — of Silurian rocks, 558, 564 

of Tertiary formations, 177 

of Old Rod Sandstone fish, 528 

of rocks and strata, 2, 10 

of Lower Cretaceous rocks, 339 

of Cretaceous rocks, 312 
remarks on, 215 

Clausen, M., on mammalia of Braail, 128 
Clausilia btdi'nt. Rhino valley, .30 
Clavuitna corrugatOt Eocene, 301 
Clay, defined, 11 

slate, 8, 726, 727 

Weald, 344 

ironstone, 492 

Clays, plastic, 292 

Claystune and Claystnne Porphyry, 509 
Cleavage of metamorplilc rocks, 730 
Clermont, metalliferous gneiss near, 732 
Cliif-liinestoiie, corals of, 541 
CliHs, lines of inland, 353 
Climate, causes of change in, 174 
of Coal period, 501 

effects of fluctuations on quadrupeds, 130 

Clinkstone, 594, 599 
Clinton group, U. S., fossils of, 567 
Ci>de, iioriliern shells in drift of, lo3 
VlyiMfua Imcatit^ Devonian, 534 
('lyrneiiicii-kalk, term explained, 533 
Coal, uir-breatliers in, 507 
— • causes of purity of, 4H8 

coiiversiuii into anthracite, 735 

conversion of lignite into, .500 

— continuity of seams of, 500 

sigzag flexures of, near Muiis, 53 

formation at Brora, 404 

at Browns ville, PeiiiisylvaDia, view of, 499 

how formed, 477 

period, climate of, 601 

— raiii-pniits in, 480 

scams, union of, 497 

slow accumulation of, 489 

Cuul-bcanng strata, tiiickiicss of, 463 
Coal.iield of Asliby-de-la-Zouch, 69 
of Virginia, 448 

Coal-fields of United States, 493 
Cual-mensures, 464, 465 
~ thickness of, In Wales, 464 
Co.il.mine near Lyons, 480 
Coal- pipes, danger of, 470 
('oalbrook Dale, coal-measures of, 490 
fossil beetles in, 491 

— faults in, 62 

(’oaii, Mr., on crater of Kilhanea, 617 
Cochhodua euntortua^ 517 
Cockfell rocks altered by dikes, 608 
Calacanlhus granulatua^ marl slate, 460 
Coleoptera of OElningen beds, 254 
CoUyritea ringena. Inf. Oolite, 409 
Columbia, vinegar river of, 297 
t'olumnar basalt in the Vleentin, 612 
* — ■ structure of volcanic rocks, 610 
COme, ravine in lava of, 682 
Cumposiiiou of volcanic rocks, 589 


OKI 

Compact felspar, 599 
Concretionary structure, 37 
Condensation of rock-material, 38 

of slate -rock, 347 

Cone qf a pine, Purbeck, 391 

of Tartaret, 681 

of Catalonia, 661 

Cones and craiers, 588 

— absence of, in England, 6 
Conformable stratification, 13 
Conglomerate, or pudding-stone, 11, 47 

dolomitlc of Bristol, 444 

ConifciK of Coal period, 473 
Connecticut, New Red itendstone of, 4.50 

— licds, antiquity of, 454 
Conocephalui atriatua, bib 
Conocuryphe atriata, bib 
Consolidation of strata, 33 

Contorted strata in drift, Forfarshire, 1.‘'G 
Conularia ornata, 536 
Conua deperdiim, 288 
Conybcarc, Mr., on term Foikilitic, 430 
•— on Plesiosaurus, 421 

on Bristol congloiner.ite, 445 

— — on Oolite and Lias, 426 

Coomb, ttie, near Lewis, 361 

Coprolitea qf fiah, 317 

Coral islands and reefs, 34, 46 

Coral- rag, fossils of, 395 

Coralline crag, white or, 201 

Corals of Devonian strau in United States, 541 

of mountain limestone, 511 

of Sicily, 192 

— neozoic type of,b\\ 

paiaoxuic type qf,b\2 

Cot bula piautn, Hempstead beds, 237 
— — alnta, 348 

Corinth, corrosion of rocks by gases near, 733 
Cornbrasli, compusittoii of, 399 
Corncan, .599 

Cornwall, granite veins of, 730 
— — granite veins in honiblviidc slate In, 705 

Devonian series ot, 531 

lodes of, 7fa,767 

tin obtained by ancients from, 112 
clay in, 12 

vertical section of veins in mine, 760 

Corjphodon cocaeiius, of Sheppe}, 290 
Coseguina, voIcmiio ot, G49 
Costa, Prof., cited, 187 
Crag, Norwich, 196 
of Antwerp, 205 
coraliiDP, fossils in, 201 

— of Suffolk, red and coralline, 19!), 201 

tables of marine trst.-icea in, 204 

Crag and tail, term described, 152 
Craig-Dhu, granite, 720, 721 
Cralgleith qu.irry, slanting tree In, 481 
fossil trees, 40 

Crania Parin'enaia, White Ch.ilk, 325 

attached to Echmua, 23 

Craaaatelia aulcata, 28.5 

Crater of the Island ot St. Paul, 635 

Craters and cones. 588 

of I«agoa, Madeira, 643 

of the Sandwich Islands, 616 

Crcdiieria in quadcr-SHTuhtcin, 332 
Creeps in coal-mines described, 52 
Cretaceous fossils, 323 

. rocks, classification of, 312 

volcanic rocks, 688 

Plutonic rocks, 715 

— — formation of U. S,, 336 

— flora, 830 

derivation of term, 310 

j Crinoidi, Silurian, 554 
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CritteUaria roiulata. Chalk, 26 

Croatia, Lower Miocene of, 243 

Croizet, M., on Auvergne fossil mammalia, 227 

Cromer, Norfolk (irlft at, 160 

Crop out, term explained, 55 

CrosBopterigide, or fringe-flnned flsh, 529 

Crust of earth delltied, 2 

Crustaceans of Old Red Sandstone, 523 

Cruptudon angulatum, Hornsea, 201 

Crystalline rocks, cleavage of, 746 

— — limestone, 457 

— ~ rocks, foliation of, 744 

or metamorphic limestone, 726, 727 

erroneously termed primitive, 9 

schists defined, 7 

Cumbrecito, Pass of, G33 
Cuming, Mr., collection of, 189 
Cunningham, Mr. J., on rain-marks, 442 
('iip-and-bUr corals, 512 
Curral, the, in Madeira, 644 
Curved strata, 48, 49 
t Cutch, Himn of, 447 
Cuvier, M., on tertiary series, 181 
-I- on Amphitherium, 397 

— on Eocene formation, 295 

— — on fossils of Montmartre, 296 
Cyathra glauca^ Carboniferous, 467 
Cyathina Bowcibankii^ Oault, 512 
CyathocrinUes planut^ 513 
Cyathoermut caryoertnoides^ .'ll 3 
Cyathuphyltum caspitosum^ 534 
Cycadeuidea {Mantellta) mrgalofhylla, .387 
Cycrtdites curnptus, Gristborpe, 408 
Vyclai ohovaia^ 28 
Cycloidal scaled fish, 529J 
Cyclopian Islands, beds of clay and tulTat, G5i 
Cyclostoma eleganSy Pleistocene, 30 
CyclopUi is Utbermca^ 521 
Cyltndnies aeutus, Great Oolite, 402 
Cypraa Europcea^ Red Crag, 200 
Cypress swamps of Mississippi, 488 
Cyprisfasciculata, 378 

granulata, 378 

—— gtbbosa. Fur beck, 378 

— spiniftera. Weald, 346 

punctata. Lower Purbcck, 387 

tuberculata, Purbeck, 37M 

legumtndla, Purbcck, 378 

Vuldensis (C'./oin.), 346 

— f iuftata, Coal, 490 
stnato-punciata, 378 

PurbccKfnsu, Lower Purbeck, 387 

Cyprxdes in Weald, 316 
Cypridtna serrato-striata, .534 
('ypridlnen-scliiefer, term explained, 533 
Cyrenafiuminahs, 28 

consobrina, 28 

cunetformit, 293 

— semistnata, Hempstead beds, 237 
Cystidra; in Silurian rocko, 560 
Cylhereif) infiata. Coal, 490 
Cylherella, Ch.ilk, 26 

Cytherma, Chalk, 26 


T\ACHSTE1N beds, composition of, 433 
^ Dadoiylon, roal-plant, 474 
Dana, Mr, on Sandwich Islands volcanos, 61C, GIB, 
657 


— on Kainschntka sonndings, 319 

on slope ol lavas, 678 

— — on zoantharia and bryozoa, 212 
— — on miner.ili of metamorphic rock, 735 
— — on coral-reef of Sandwich Islands, 317 
Dapedtus mmtliffr. Lias, 418 
Daphnogene dnnamomifolia, 262 


Darbishire, Mr. R. D., on Moel Tryfaen shells, 158 
Dartmoor, intrusive granite of, 730 

carboniferous granite of, 716 

Darwin, Mr., on plutonic rocks of Andes, 713 

on corals ot Pacific, 316 

— — on mammalia of South America, 129 
on Welsh glacial drift, 159 
on gravel-beds of South America, 633 
— — on sinking of coral-reefs, 46 
— — on gradual rise of part of South Amcrlc.i, 4G 

on pre-glacial migration of plants, 270 

on transportation of (lebbles, 32l 

on dikes of St. Helena, 657 

on murine saurian, 422 

on South American ostrich, 453 

on foliation and cleavage, 744, 746 

* Date of rocks ascertained by organic remains, 179 
Dates of discovery of fossil vertebrata, 584 
Daubeny, Dr., on basalt, .593 

. on decomposition of trachytic rocks, 733 

on ago of Auvergne volcanos, 684 

l)anbr6e, on alkaline waters of Plombidres, 731 
Davidson, Mr., on fossils of Lias, 415 
Dawes, Mr. J. S., on calamitc.*, 470 
Dawkins, Mr. W Uoyd, on Trias quadrupeds, 386 

on Trlasslc mammifer, 440 

Dawson, Drt, on Koznon Canadenie, 579 

on Papa vetusta, .508 

on poiiition of calamite, 469 

on Devonian flora, >543 

Dax, inland cliif at, 72 
Dean, forest ot, coal in, 501 
Deane, Dr., on footprints in Trias, 452 
Debcy, Dr., on flora of Aix-Ia-CliHpcIle, 330 
Dechon, M. von, on Cornish granite veins, 704 
on reptiles in 8a.irbruck coal-field, 502 
— on remains in brown-coal, 672 
Delesse, M. on miuerali ol h}pogene limestone, 
735 

on aiiidte and basalt, 593 

— on globular structure of volcanic rock, 612 

on tcispnthic rock of M.ideiru, >>46 

Deltas of Switzerland, 120 

Deluge, 4 

Dendrerpeton found in Coal, 507 
Dennis, Rev. J. P., on Stcreoguathus, 406 
Denudation explained, 66 

terraces of, in Sicily, 7.5 

ol the Weald valley, 355— 3C8, 370 

of chalk, 362 

of Palma fluviatile or marine ? 632 

yiDoposition, jiroofs of gradual, 229 
Derbyshire, veins in mountain limestone, 762 
Deshayes, Mt, on recent and lossil shells, 187 
— — on pisolitic limestone, 311 
on shells of Ktna, 189 

— on Hungarian shells, G76 

on Soishonnais shells, 303 

Desmarest, on trappean rucks, 88 
Desnoyers, M., on Eocene fossil footprints, 298 

— - on fuluns of the Loire, 182 
^Desor, M., on shells of the Sahara, 175 

on Celtic coins, 1 1 1 

Devonian period, vegetation of, 542 

Brachiopoda, 53H 

fossils of the Eifel, 672 

fossils of. 533-539 

— series of North D ‘Von, 532 
of UiiBsia, 537 

of United States, 539 

series, table of, 532 

system, term explained, 531 

Devonshire, cleavage of slate rocks In, 741 

Diablerets, shells from the, 304 

Diagonal, or crosi-stratilication, 16 

Diagram of plutonic and sedimenUry formations, 712 
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ialUge rock, .VK) 

Diasiupora diluviana, 400 
Diatoinaeea in tripiili, 25 
Dtceras arietfna, CoraUmg, 397 
_ Lonsdaiti, 342 

Limpilone, term explained, 397 

Dicotyledonous leaves in chalk, 331 
Didetphys /ixarar. Oolite, 405 
Didymograpsui geminus^ Silurian, 563 

Murch^sonitt Llandeilo, 561 

Diest sands, 232 
Dikelocephalous skull, 113 
Dikelocephalus fnmncso/mfii, bTt 
Dikes, trap and volcanic, 603 
in Sicily, 658 

■ — of coarse and flne-gralned granite, 721 

of Monte Somma, 654 

defined, 6 

. — rocks altered by, 606 

volcanic, of St. Heiena, CIO 

of Vesuvius, 656 

Diluvium, origin of term, 137 
Diiiornis, skeleton of, 452 
Dmothenum giganteunit 21 1 
Diorite, 594, 509 
Dip, term explained, 53 
Diplograpsus folium, Silurian, .561 

piistis, Silurian, 061 

Dirt- bed of Lower Purbeck, 3S7 
Distribution of fossil quadrupeds, 127 
Dolerite, 593, 099 
Dolomite defined, 13 

of cone of Monte Somma, G54 

Domite, 600 

Downs, South, chalk escarpment of, 358, S-IO 
Downton Sandstone, iosHilh of, -548 
Drew, Mr., on Hastings sand, .346 
Drift oi Scandinui lu. North Germany, and Russia, 
149 

shells in Canada, 164 

— contorted, 1.55 

in IieLiid, 160 

northern, ol Scotland, 151 

North Wule», 158 

—— Norfolk, 160 

transported by icebergs, 144 

nictourites in, 175 

Dromatlieriiiiii sjlvebtre of N. Carolina, 404 
Diyartdra Schtankit, Lower Miocene, 2 »9 
Dtyandtotdt’M liakvafulta^ near Laubaniie, 259 
Dudley limestone, 553 
— burning coal-mines at, 7.30 
Dulreiioy, Al., on line between Miocene and Eocene, 
216 

oil granite of Pyrenees, 730 

Dumont, Prof., on Uelgiaii Lower Eocene, 311 
Duncan, Dr., on West Indian corals, 271 
Duiidry Hill, near Bristol, section of, '.)H, 99 
Dunker, Dr., on Weald of Germany, 349 
Dura Den, yellow sandstone, .'>21 
Durham, intrusion of trap between beds near, 609 

DARTHQUAKK In Olot, 665 
^ Eehiiioderms in coralline crag, 203 
Uchinospharites bailicust Silurian, 060 
Echinus^ with aania attached, 23 
RdeKliem beds, fossils of, 2.32 
Edwards, Mr., on Urockenhurst sheila, 284 
^Egertnn, Mr., on fossils of Southern India, 337 
Egerton, Sir P., on fish of Pcuarlh beds, 440 
■ — • on Old Red flsii, 028 
on fish of Ptiriiiian, 459 

on fish of Headon series, 283 

— — on lihttiyusauriis, 421 
on Ischyptorus, 404 


EUR 

Egg^like bodies in Old Red Sandstone, 526 
Ehrenberg, Prof., on bog-iroii-ore, 26 

on infusoria, 25 

on term Bryotoum, 201 

on Silurian foraminifera, 565 

Eifel, age of trachytic rocks in, 650 

basaltic pillars of the Kasegrotto in the, 612 

— — lake-craters of, 672 

. Lower Miocene, volcanic rocks of, 670 

I.ower, trass of, 675 

Elephant-bed, Brighton, 371 
Elephas meridionalis, molar of, 133 

antiquus, molar of, 133 

— — primigenitts, molar of, 132 
Elevation craters, rejT 
Elvani of Ireland and Cornwall, 769 
term explained, 717 

— in granite, 768 
Elytron of Buprestis, 403 
Emarginata dnthrata. Great Oolite, 402 
Kmbuthriumt or Utikea saligna, (Eningcn, 253 
Emmons, Prof., on Jaws of I'riassic quadruped, 387 

on Droniatherinm, 454 
Encrinite serf A set pula attached^ 400 
Encrinltcs of Bradford, 309 
Encrinus lilttforviis (tnoful(formis), 437 
Kndogens, term explained, 331 
Eiigihoul cave, 124 

England, Lower Miocene strat.i of, 237 
Newer Pliocene strata of, 105 
— — . Upper Eocene formations ol, 279 
Knccne formations, map of, 278 

— Joramini/era^ 301 

— — formations of England, 279 

strata of France, table of, 295 

granite and plutniiic rucks, 713 

and 51iocene,'lino between, 21-5, 244 

— . strata, France, fossil footprints in, 290 
volcanic rocks of Monte Boira, 687 

strata in the United States, 306 

term explained, 187 

Eosaurus found in Coal, 507 

Koxoun Canadeiise, in Lanrentiun rocks, 756 

oldest known lossil, 579 

Eppclsheiin, Dmothcrinm of, 241 

Kquisetaccic of the Coal, 469 

EqiiisetUes cnlumnaris^ 432 

Kquus caballus^ molar of, 134 

Eriiinn, M., on finding of meteoric iron, 175 

Erratic blocks, actions of, 140 

— near Chichester, .373 

Erratics of Canada, 16.3 

—.of Greenland, 143 

— of Victoria Lund, 146 
Alpine, 142 

Erosion, aqueous, lu Palma, 6.30 
Escarpments of the Weald, 3.58 
Eschara dtsticha^ Clialk, 326 
thcharina oceanic Chalk, 327 
^Ebchcr voii derLluth, mi submergence of Sahara, 175 
Estheria minu/a, Muscliclkalk, 437 
Beckeri, 518 

— ovata, Richmond, 450 

Etheridge, Mr., tables of Oolitic fossils, 410 
oil fossils ol Middle Oolite, .398 
on cretaceous fossils, 342 

on fossils of Upper Oolite, 395 

4 Etna. Mt.,4i45 
— - lavas ot, 190 

age of lavas of, 65l{ 

Eunotnta radiatOt Great Oolite, 399 
Eufwtta bidens, Atlantic mud, 318 
Euompkalus pentagulatus^ 515 
Kuphotide, 600 
Eurite, 700, 727 

£ untie porphyry near Christiania, 707 
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Europe, diyliloni of Tertiary strata in, 180 
extinct quadrupeds of, 1 !!>, 1 16 
Excavation through lava by rivers, 663 
•Exogens, term cxpl.iined, 331 
Exoj/ryra virguia, Kiminuridge clay, 393 
Extracrmus Briareus^ Lias, 417 


i;^ALCONER, Mr. A. H., on Dichodon, 2W 
Falconer, Dr., on Purbeck inainmalia, 380 
4— oil iliiit knives of Jlrixham cave, 124 

— on Ma^odon arvernenais^ 197 
on Siwdlik Hills, 273 

on cave and drift fossils, 129 

on Ptagiauiax^ 382 
Faluns of the Ian re, 182 

of Touraine, 21 1 

Furiiham, phosphate of lime near, 330 
FascKtUarta aurantium^ Coralline crag, 202 
Fault, term explained, 62 

in chalk near Lewis, 361 

Faults, origin of, 64 
Fauna of Nebraska. 276 
— ^ of Keuper, 430 

— of Weald clay, 344 

and Hora of Upper Val d’Arno, 195 

of Montmartre, 297 

of Vienna basin, 242 

of Heailou series, 283 

—— of Galapagos Islands, 422 
— - iluctuatiuns in, 185 
Favusttes Uothlandica^ 554 

— pulymorphn^ 534 
Faxue, chalk ot, 314 
FiUa tigris, molar of, 135 
Felixstow, remains of cetacea near, 201 
Felspar porphyry, 6U0 

Felspatliic lava, specific gravity of minerals of, 650 

Felstoiic, 6U0 

FencUella retiformis^ 458 

Ferns of Carbon iferuus period, 466 

Ferruginous sands, saiid.pipes in, 233 

Fife, altered rock in, 608 

Fifoshire, carboniferous trap of. 689 

Filling up of veins, 7C3 

Fish, ^icene, ot Monte Bolca, 687 

fossil, ot mountain liinestoiie, 517 

. number ol living, 630 

ol the Upper Ludlow, 548 

of Lias, 418 

fossil of Old Hed Sandstone, 622, 624—531 

— • of Permian marl-slate, 459 

of the Brown Coal, 6; 1 

oldest known, nut of low grade, 562 

Fisher, Mr., on dirt-bed at Uidgway, 389 
Fissures tilled with metulllc matter, 738 

in metalliierous veins, 760 

Fitton, Dr., on Lower Cretaceous, 339 

on Hasting') sand, 344 

— . oil dirt-bed of Bouluniiais, 390 

— on corals of Oolite, 396 
Fleming, Dr,, on Parka decipiens, 625 
on carboniferous trap, 689 

— — on scales of tish in Old lied, 522 
Flint-breccias, angular, 370 
Flints in chalk, 319 

Flora, Miocene, of Switzerland, richness of, 266 
of Carboniferous period, 4«ij, 476 

— - of Great Oolite, 407 

— — grade of Carboniferous, 475 

— Miocene, of Switzerland, 249—264 

— Upper Cretaceous, 330 

— of Subapennine beds, 208 

— llecent and Miocene relations of, 266 
fluctuations in, 185 

— of the Permian, 461 


POS 

Flora, Mioceno, of QSningen, 249 
of Wealden, 350 

— Devonian, compared to Carboniferous, 514 

— of Vienna basin, 242 
Flotz, term explained, 87 

Fluctuations in conformation of Weald, 367—369 
Fluvia, the, cutting through lavas of Olot, 662 
Flysch, term explained, 304 

— invaded by plutonic rocks, 713 

Foliated gneiss, 725 • 

Foliation, irregularities in, 747 

— — of crystalline rocks, 744 
Fontainebleau, grds de,215 
Footprints of reptiles, 504, 505 

fossil, in New Ked, 441 

of a bird, Connecticut, 452 

— — in Connecticut Valley, 451 

fossil oil Potsdam sandstone, h77 

Foramintfeia, Chalk, 26 
Cretaceous, 318 

— of Mountain Limestone, 518 
Rnceiie, 301 

Forbes, late K., on term Pleistocene, 107 

on Post.glirial fauna, 120 

on westward extension ol Europe, 266 

on depth of animal hie in ^.geaii,35 

— oil corals of Devonian strata, 541 

— on subdivisions of Bembridge beds, 280 
on Older Pliocene shells, 203 

on Toiirainc fossil testacea, 211 

Forbes, Mr. D., on pianos of foliation, 745 
Forbes, Prof. J. D., on Alpine glaciers, 142 
Forest marble, 399 
Forests, fossil, in Coal, 483, 485 

fossil, of Isle of Portland, 388 

Forfarshire, Cophalaspis bods ol, 527 
Formation of the Weald, 343 
— — of the Caldera of Palma, 627 
term defined, 3 

Foimations, Belgian and British Miocene, 232 
— ' intermediate between Eocene and Cretaceous ? 
310 

Formica lignitum, CEnIngen, 240 
Fossil plants of Lias, 426 

forest near Wolverhampton, 479 

footprints, Eocene, 298 

trees erect in Coal, 477—480' 

plants of Lower Miocene, Switzerland, 258 

plants of Bovey Tr.icey, 238 

— term defined, 4 

— wood, perforated by Teredina, 24 
petrifaction of, 39 

shells in Co;il, Nova Scotia, 48G 

— qu.idrupeds, distribution ot, 127 
shells, Tertiary, 187 

plants of Monte Bolca, 688 

Fobslliferous strata, general table of, 101 

groups of, 99, 100 

— — table of, 102 

F 'Sils of Poitland-stone and Kimmeridge clay, 392 
of hippuritu limestone, .334 

— of mountain limestone, 513 

common to Upper and Middle Oolite, 395 

—— common to Middle and Lower Oolite, 398 

— oftho Lias, 416 

petrifaction of, 39—43 

test of the age of formations, 98 

— arrangement of, in strata, 21 
freshwater and marine, 27 

— of Llandovery formation, 
ol the Muschelkalk, 436 

— . of Old Ked bandstuno, 522, 530 

— proportions of, in divisions of Oolite, 410 
of primordial zone, 575 

of Lower Greeiisaiid, 341 

of Coal, 490-492. 
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FOS 

FoBsilR of Wealden group. 34(i 
of Doldcrberg l)odB, 234 

number of, in HalUtadt bedii, 434 

. — of Permian strata, 4.'i(i 
of (Eningen molassp, 248 

— of nummulitic formations, 305 

of the Upper Ludlow, 548 

of Ued Crag, 200 

i — of Upper Greensand, 329 
— i of the Upper CreUiceous rocks, 322 

— of Devonian, 533—539 

Fournet, on Auvergne metalliferous gneiss, 732 

on quarts, 097 

—— on veins in granite, 704 
Fox, Kev. D., on Me of Wight mammalia, 281 
— • Mr., on cause of electric currents in veins, 7G7 
Fracture, linea of, in the Wcaldcn, 3G4 

— lines of, in rock, 7ti5 ^ 

Fragments, included, test of age of plutonlc rocks, 

709 

^ tost of age of volcanic rocks, Ml 
France, Lower Miocene strata of, 215—218 

— map of Lower Miocene of, 210 
Miocene strata of, 210 

French divisions of cretaceous series, 312 
Freshwater formations in Auvergne, 225 

how distinguished from marine, 27, 28, .30, 32 

- — beds, lainUshells numerous in, 27 

shells in brown-cad near IJonn, C72 

Fulpvr eaniiliculalvt, Marybind. 275 
^nll(■r’s e.arth, shells of, 408 
Fnndy Bay, impressions of red mud in, 451 
Fnngi on fossil leaves, 264 

a patellar ft (recent), 512 
Fusion of quartz, 697 
Fusuliua (yhwirica^ 518 
Fusm contrarius, Hed crag, 200 

— quadricustatus, Maryland, 275 


Q.ABBIIO, or Diall.ige rock, 600 

Gaillonella distans, G. fei nigincfl, 25 
(•alapaKOs Islands, living marine saurian in, 423 
Cairncerdo latiden^, loolli oP, 2'‘H 
Calenfrs alfMgttleria, White Ch.3lk, 323 
Calesti's in Middle Piirbei-k, 383 
^ Ganges, buried soil in Delta of, 489 
Ganoids of We.ildeii, 347 

— preponderance of, In Old Red strata, 530 
of Trias, 449 

Gup in time between Eocene and Cretaceous pe- 
riods, 310 

Gaps, numerous, in the transitions of strata, 178 
Gases, snliterraneaii, rocks altered by, 732 

— on .Swiss Miocene, 246, 258 
Gaudln, M., on Snh.apennine flora, 208 
Gault of Upper Cretaceous, 329 

tliicknehs of, 329 

t^avariiie, flexures of strata near, 59 
Gcikii*, Mr., on ire-action on land, 152. 1.5.5 

— on Pentland Old Red volcanic rocks, 692 
Gemunder Maar, view of, 672 

Genera of ^allstadt and St. Cassian mnllusca, 435 
Citneva, I.owcr M< lasse of, 257, 258 
Geograpliiral relationship between fossil and living 
vi'itebrata, 128, 129 

Geography, physical, of Cretaceous and Wcalden 
districts, .151 
Geology defined, 1 

Gergovia, associated tuffs and lacustrine strataof, 685 

Ciermany, Trinssic fauna of, 4.10 

Gers, Upper Miocene strata of, 231 

GerviUia ancepx^ 342 

Giant cauldrons of Sweden, 141 

Giant's Causeway, columnar basalt of, 610 

— ■ basalt, age of, 240 


ORE 

Gil bes, R. W., on Eocene cetacean, U.S., 307 

Girgenti, limestone of, 193 

Glacial formations of North America, 161 

erosion, theory of, 173 

epoch, I36-17G y 

Glaciation of Russia, 149 
— — of Scotland, 151 

of Scandinavia, 1 1-5 

Glaciers, abrading action of, 138 
Glasgow, marine slr.nt!* near, 109 
GI.ISS cavities in quartz, 607 
GMieonic grnssidre, 302 

Glen Tilt, granite and argillaceous schist of, 702 
Globigerina bnltoidety Atl.(riti(' mud, 318 
Globular struetiii*' of vnle.'inic rocks, CIO 
Gbfphea^^) duhia. Coal, 491 
Ghjptostrobui Europii'us, GCningen, 254 
Gneihs, foliaied, 725, 727 

— fundamental, of Scotland. 580 

granite veins traversing, 703 

Gold, age of, in Ireland, 769 
——In Ural Mountains, 770 

Gold mines of Austr.ilia and riiill, 770 
Goldcnherg, Mr. Kr., on S.tarbr(ick insects, 491 
Goldfuss, Piof , on reptiles in Coal, .503 
Guniatites erenhlria, .517 

— LhterU Goal, 492 
erolutus, 517 

Gdppert, M., on petrifoction, 40 

on plants of coal-measures, 465 

on Swiss Miocene, 216, 2-54 

Gorgonia inftindibuhformis, 458 
Graham's Island, 615 
Grampians, Old Red conglomerates In, 47 
Old Red of, 526 

— gneiss and crystalline schi«ts of, 7.5.5 
Gratelonp, M. de,* on Dax fossils, 3.1.5 
on fossils of Chalk, .1.15 

Grand Canary, shelly tuffs of, 668 
Granite, dikes in coarse and fine-grained, 721 
described, 7 

fine-grained, of Ploverfield, 720, 721 

— - schorlv, 700 

— porphyntle, 699 

veins, structure of, 70,1 

— formation of, 69 1 

protrusion of .solid, 7ip, 723 

veins in talcose gneiss, 705 

— composition of, 696 

liydrotheriiiul action in formation of, rgig 

— passage of, into trap, 700 
Granites, Arran, age of, 719 
oldest, 718 

Graphic granite, 6% 

Graphite, powder of, consolidated by pressure, .189 
Graptoliies, 561 

GraplolttfS Mwrhiumti, Llandeilo, 561 
GrapiolHhus J.udtTiiis, Siluri.iii, .5)6 
Grasshopper, wing of, in co.d measures, 491 
Graiiwacke, term explained, 546 
Gray, Dr. Asa, on Miorene Atlantis, 266—268 
Gray's Ttiurroek, Essex, pachyderms found at, 130 
Great Oolite, 399 

fosKils of 399 

Greece, Upper Miocene of, 24.5 

Greensbiirg, Pennsylvania, reptile footprints of, 506 

Greenland, sinking of const of, 46 

continuRl ire of, 143, 145 

Greensand, Lower, 339 

Upper, 328 

Greenstone, .594 , 600 
— dike. Christiania, 606 

columns of, 690 

Grds dc Beauchamp, 300 

GrOs lie Fontainebleau, Mluceiie or Eocene ? 215 

Greystonc, 600 
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Greystone, volcanic rock, tiOO 
Grcywacke, Older RhenUh, cquivalenti of. R37 
Griltlths, Sir R., on Coal strata of Ireland, 4C4 
Griffnon, fossil shells near, 300 
Grit defined, II 

Gryllttcrit lithanthraca. Coal, 401 
Gryphtea r.Mted with Serpula^ 23 
arcuata, G. incurva^ 29 
— — incurva^ Lias, 41!! 

— — virgula, Klniinerlilge clay, 393 
— — > cohwiba, Clialk, 326 

g/obosat Clialk, 325 

Gryphite limestone, 415 
Giiadaloiipc, glass cavities in quartz of, 607 
Guidotti, Prof., cited, IR7 
Gniccardf, Signor, on shells of Vesuvius, 1H9 
Giimbel, M., on llallstadl beds, 432 
Gunn, Mr, on Norfolk drift fauna, 160 
—X Mrs., on Norwich flints, 320 
Giitbier, Col. von, on Permian flora, 461 
Giittenstein beds, thickness of, 433 
Gymiiogen.s, term explained, 331 
Gypseous marls of Auvergne, 225 
Gypsum defined, 13 
GyrolepU tenuiitnatua^ 440 


TTAINR, M.,on Bryozoa, 219 

Hakea exultata^ Switzerland, 259 
salictna, (Kningen, 253 
—x X saligna, (Eningen, 253 
Hall, C'iipt., on Cycloplan Isles, 652 

Prof., on exogen in Devonian strata, 543 

Sir James, on curved strata, 48 

.X-. nn crag and tail, I.*)! 

—— on cooling of nietal.<i, 656 
Hallstadt beds, position and fossils of, 432, 434 
IlaiysiUs crttenutarius, Silurian, 553 
JIamites tpiniger, 329 

Hamilton, Sir W., on dikes of Vesuvius, 655 
H.impshire, Old Harry rocks of, 370 
Harlech Grits, fo«slls of, 573 
JIarpactor macultpet, (Eningen, 255 
ll.irris, Major, on salt lakes, 447 
Ilartung, M., on aqueous erosion in Palma, 634 
XXX on Madeiran fossil plants, 642 
XXX on Teneriffe, 638 
— X on lava nt Port Mnniz, 647 
on shells of Azores, 669 
-XX on geology of Madeira, 621 

on Madeira and Canary Miocene fossils, 

667 ‘ 

H.irfz Mountains, mineral veins of, 761 

hunter sandstein of, 488 

Hastings, Marchioness of, on Headon beds, 283 
XX.. sands, 346 

Hauer, M. von, on age of Werfen sandstone, 433 
Hautes AIpcs, rocks of, .585 
Hawkshaw, on fossil trees in Coal, 478 
Hayden, Mr., on Nebraska plants, 337 
Headon senes, Isle of Wight, 282 
Heat, intense, not required for metamorphic rocks, 
731 

Hebert, M., on pisolitic limestone, 311 

on Sables de Bracheux, 303 

X.X on fossil shells of Ktampci, 216 
x_ on French Eocene ma'omalia, 385 
Hebrides, dikes in trap in, f-Oi 
lleer, M., on Siiperga fossil plants, 245 

on Lower Miocene plants, 241 

on North American Sequoia, 261 

on beds of Croatia, 243 

—x. on Miocene Atlantis, 266 
x_ ou Virginian fossils, 440 
•XX on fossil plants of Switzerland, 247, 24B, 249, 
268, 660, 263 


HXTX 

Ileer, on Monte Bolca Eocene plants, 687 
x_ on Madelr.-in fossil plants, 642 

oil Swiss Miocene Inserts, 265 

Heidelberg, varieties of granite near, 703 
Uelioiites porosa, Devonian, .535 
Hetir lahyrinthira^ Headon Hill, 282 

oeclusa^ Bembridge, 280 

^^plebeia^ Rhine, 119 

— TuronensiSf 30 
Hfmiridaria Furbeekemit^ 378 
Hemtpneustea radiatus, Ciuilk, .314 
Hemitelites Browniiy l^wer Oolite, 408 
Hempstead beds, subdivisions of, 237 
Henfrey, Mr. A-, on New Jersey Mastodon, 166 
Henslow, Prof., on altered rock near Plas Newydd, 

607 

on trunks in dirt-bed, 389 

H^ciiliincum, bronze instruments found at, 112 
Herodotus on lake-dwellings, 110 
Herschel, Sir J., on slaty cicav.ige, 740 
Hertfordshire pudding-stone, 35 
IleterocercatUW of fish, 4.59 

tails characteristic of fish of primary period, 

5:10 

Ilibbert, Dr., on coal-field at Burdiehouse, 492 
Hill of Gergovia, strita of, 685 
^ Himalaya, elevated fosslliforous rocks in, 4 
Tertiary mammalia of, 273 
llippurite limestone, 333 
Hippuriit's organiannt^ Chalk, 335 
Jiippopodium pouderosum. Lias, 415 
Hippopotamus^ molar of, 133 
Ulster coprolilhorum^ (Eningen, 249 
Hitchcock, Prof., on Trias footprints, 451—453 
Hoflmann, nn stiifas of St. Ciilogero, 732 
lloloptychim nobilmimua, tooth of, 522 

— Ilibberh\ tooth ol, .502 
Homalonolus armatus, .538 

dc/phinoeepkalus, 555 

Ilomocercat tail of fish, 459 

tails charactorizo fish of secondary period, 

530 

pilnoghley River, analysis of water of, 41 
Hooker, Dr., on seaweed, 322 

on sporangia of Silurian plant, 548 

on P. Uichardi, 263 

on Sigillarie, 472; on Conirerar, 474 

—xx on ('iirhoiiireroiis flora, 475 

— on Arctic ice, 146 

Hopkins, Mr., on fractures of Weald, 364 
Horizontal strata, upheaval of, 45 
Ilorizontality of strata, 15 
Hornblende rock, .593, COO, 727 

schist, 72.5,727 

composition of, 590 

Horner, M ., on IIuloptychiiiR, .502 
Hornes, Dr., on mollusca of Vienna basin, 242 
Hornstone porphyry, 6G0 
Ilorstead, fiotstunes at, 320 
Howell, Mr., on Oolitic strata, 410 
’’ubbard, Prof., on granite veins of White Moun- 
tains, 710 

Hudson's River group, fossils of, 667 

Hugi, M., on Swiss Alps, 752 

Human reinciins of Recent period, 109—112 

Ill Post-plioerne deposits, 117 

deposits in caverns, 121, 123 

Humboldt, on uniform character of rucks, 755 

Hungary, trachyte of, 701 

XXX volcanic rocks of, 675 

Hunt, Mr , experiments on clay Ironstone, 492 

Hiironian series, 678 

Hutton, opinions of, 60 

Huttnnlaii theory, 88 

Huxley, Prof., dh fish of Old Red, 628 

X— on Atlantic mud, 318 
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HUI 

Huxley, Prof., on Pteraepis, 552 
Jiyana tycUea^ molrir and lower jaw of, 135 
llybodus phcatiHs^ 440 
Jlybodus relicuialus, Liaa, 419 
Hydrothermal action, 731 
_ ill formation of granite, 098 

producing granite 718 

— > cause of metamorphlsm, 731 
Hylerpeton, reptile found in Coal, 507 
llyiuuomus, reptile found in Coal, 507 
Hymenocaris vermicauda^ 573 
Hypeirsthene rock, GdO 
H) pogene limestone, 727 

rocks, mineral character of, 755 

term defined, 9 

JJyraeotherium, molar of, 292 

IBBETSON, Mr., on Stonesflcld slate, 407 
Ice, rocks drifted by, 138 
Icebergs of Labrador, 147 
— — mediums of transportation, 144 
abrading power of, 147 
Iceland, flow of lava in, 050 

glass, cavities in quarts of, G97 

Ichthyodurulite of Liaa, 419 
Ichthyolites of Old lied Sandstone, 530 
Ichthyosaurus commums^ Lias, 420 

hind flu or paddle of, 421 

Identiflcution of fossil plants, 2G4 
Igneous rocks, (> 

— — of Siebengebirge and Westerwald, 672 

of Val di \oto, 615 

Jgunnodon Manteili, Woalden, 345 
lllracombu group, fossils of, 534 
„ India, cretaceous system in, 337 

Upper Miocene formations of, 273 

lndusi.ll limestone in Auvergne, 224, 225 
Inferior Oolite, fossils of, 409 
Infusoria in tnpoli, 24 
Inland aea-clilTs in South of England, 71 
Inoceiamus Lumarckit^ Chalk, 325 
Insuct-lied of (Eiiiiigcii, 249 
Insect limestone of Lias, 425 
Insert, wing of neuroptcrous, 425 
Insects of Coal, 491 

Miocene, of Croatia, 243 

of Swiss Miocene strata, 265 

Intercalation of strata, dillieultics of, 1^3 
Intrusion, test ol age of plutonic rocks, 709 
test of age of volcanic rucks, 648 
Inundation mud, 117 
Ipswich, section near, 199 
Ireland, Old Ued Sandstone of, 521 
Devonian plants of, 521 

drift in, IGO 

au arcliipelago, 160 

Iron weapons at Neiifchntel, 111 
—— sands of England, 233 
Invertebrate animals, period of, .577 
Isastraa obtonga, Portland sand, 392 
Ischia, age of volcanos of, 651 , 663 

Newer Pliocene of, 188 

Ischjpterus of Trias, 451 
Islands, in Eocene ica, 365 
Ic of Mull, Mnice n e leaf -bed of, 239 

■ Wight Hempstead beds, 237 

Isumorphisiti, theory of, 591 
%8uirc, section of volcanic formations at, 679 
Italian Pliocene fossils, agreement with Uritish, 667 
Italy, Miocene strata of, 244 

Older Pliocene volcanic rocks of, 666 

Older Pliocene formations of, 206 

JACKSON, Dr. C. T., analysU of foiill bones, 


LAN 

Jamieson, Mr. T. F., on Scotch glacial drift, 152 
Japan, flora of, compared to American, 268 
Java, volcanos of, 619 

stream of sulphureous water, 296 

Jaws of mammalia in Purbeck, 379 
Johnson, 51r. J. Yate, on Madeira Miocene shells, 
667 

Jointed structure of metamorphic rocks, 739 
Jorullo, lava stream of, 710 
Jukes, Mr., on origin of lakes, 169 
Jukes, Prof., on erosion of the Weald, 372 
Junghuhn, on crater-walls, 632 
• — on Javanese volcanos, 619 
Jura, blocks on, I II 
— — structure of, 55 


Jf'ANGAROO, Jaws of, 126 

Kaup, Prof., on Chcirothcrium, 441 
-^aye, Mr., on fossiU of Kouihern India, 337 
Keeling Island, fragment of greenstoiic in, 321 
Keilhau, Prof., on granite veins in gneiss, 705, 707 

on planes of foliation, 745 

Keller, Dr. F., on lake-dwellings, 110 
Kelloway roek, 34 
— - fnssilit of, .398 
Kentish chalk, sandgalls in, 82 
rag, 339 

Keuper, or Upper Trias, 430 
— — plants of, 432 

marine fauna of, 432 

Kcyscriing. Count, on Uiissian glacial drift, 140 
Kiesel-gerolle of the Eifel, 671 
Klhiuea, volcanic crater of, 617 
Kilkenny yellow sandstone, fossil plants of, 521 
Killas in granite in Cornwall, 7>i0 
Kimmerldge clay, coiqposition .ind fossiU of, 392 
King, Mr., on fauna of Norlbik drift, 161 
on Permian fossils, 456 

on footprints of reptile, 503 

Kirkdale cave, hyicna’s den of, 124 
Kitchen-middens, Danish, 109 

of Denmark, 109 

Kleyn Spawen, Lower Miocene of, 236 
Kihien, Baron von, on Urockenliurst shells, 284 
Koninck, M. de, on Kleyn Spawen beds, 241 
— on moiint.iin limestone fish, 517 

on shells of Mayence hudn. 241 

Konmekia Leonhardt, Hallstadt, 434 
Kyson, in Suffolk, strata of, 292 


T AACII, lake-crater of, 674 
Labrador, icebergs of, 147 

series, 578 

Labradoritc, 593 

or Labrador felspar, 590 

Labyrinthotion, tooth of, 443 
— Jargeti, section of tooth, 443 
Labyrinthodonts of Coal, .508 
lacustrine strata of Auvergne, 220, 226 
r^agoj, view of crater of, 643 
Lsgnona at mouth of rivers, .33 

of Bermuda Islands, 316 

Lake-crater of Laach, 674 
craters of the Eifel, 672 
Lake-dwellings of Switzerland, 110 
Lake-terraces, Post-pliocene, in Switzerland, 120 
Lakes, deposits In, 3 

how formed, 171 

Pust-plioceno of Switzerland, 172 

how far connected with gUcial action, 167—170 

Lamarck, on bivalve molluscii, 29 
Lamination of clay-slate, Pyrenees, 748 
I.amna elegans, tooth of, 288 
Lanberls slates, 674 
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Lanrerotf', rent In vnlcanic crater, 703 
' Land, rising and sinking, 45 
Landello flags, composition and Tossils of, 560 

Lower, or ^ renig formation, 562 

Landenian or Lower Eocene beds, 311 

Land-ire, action of, 152 

Land's End, roliiiiinar granite of, 696 

porphyritic granite of, 699 

Lapiditirntion of fossils, 43 

La Ilocbf, estuary of, 14 

Lartet, M , on French Eocene mammalia, 395 

on (lastornis Farisiensis, 303 

on qundrumana of G«‘rs, 231 

on reindeer period, 125 

on C.ilc.iir®ile la Beauce, 217 

Las Nieves, Santa Cruz, ravine of, 634 

Palmas, raised beach north of, 669 

('anadris, 634 

Lastnea s/ir/nca. Switzerland, 261 
L iterite of (liiint's Causeway and Madeira, 508, 599 
Laim-nt, M., on sulimorgrncc of Saiiara, 175 
liiiurentlan rocks, upper and lower, 574 

volcanic rocks, 6')3 

— ^ groiio, tabic of, 571 
Laurels of Miocene flora, 262 
Lava, 596 

of La Coupe d'Ayzac, 611 

— — streams, effects of, h 

relation to trap, 613 

stroam of Joriillo, 710 

of Stromboii, 711 

forming beds on a declivity, 630 

of Chaliizet, 683 

L wa-currents of Auvergne, 680 
li.ivas of Catalonia, 6til 
of Madeira, 640, 646 

Lavini, Signor Spada, on Pliocene strata, Ischia, 189 
Le.i, Mr., reptile footprints lutind by, 5(JG 
Lead veins in Permian rocks, 770 
Leaf-bed of Madeira, 642 

— Miocene, of Isle of Mull, 239 
L(d<i truncata, Scotch drift, 154 
oblonga, Clyde drift, 153 

— Dcshayetuina (Syii. Nuaila Deshat/esinna), 235 
amyfrfialotdcs, Highgatc, 291 

Lee, Mr. .1. E., on Pteraspis of L. Ludlow, 552 
I.eliiiian, on classification of rocks, 87 
Leibnitr, theory of, 90 
Lcidy, Dr , on Pliocene mammalia, 270 

on Titanotheniini, 276 

on Ti lassie reptiles, 45.3 

on bone in chalk, U. S., 336 

Lepidodendron Sternbergu, Coal, 468 

btein ot, 521 

Lepidostrobus ornatus, 468 
LepidotHS ptfiaa, Lias, 418 

ManU'Ut, 347 

Lepitsna Mourei, Upper Lias, 415 

depresaa, Silurian, 554 

l,eptignilc, or white stone, 700 
Lesguereiix, on V.'incoiiver’s Island fossils, 269 
l^wis. Coomb, near, 361 
Lias, volcanic rorks of, 688 
— — fossils of, 416 

pliitonic locks of, 715 

reptiles of, 420 

formation debcribed, 413 
— fihh of, 418 
origin of, 426 

— — in Uniteil States, 428 

fossil plants of, 426 

Liebig, Prof., on stalactite, 123 

on conversion of lignite into coal, 500 

Lldge, limestone cavern*! at, 123 
Lighttiody, Mr., on Ayinestry limestone, 551 
Lignite, cunversion of, into coal, 500 


LTM 

Lignite of Madeira, 643i 
Lima giganteum, 415 
- — spinosa, Chalk, 325 

Hoperi, White Chalk, 325 

Limagiic d’ Auvergne, 220 
Limburg lieds, table of, 235 
- fossils, 2.36 

Lime, scarcity of, in metamorphic rocks, 756 
— — . in solution, source of, 42 \ ' 

Limestone brecclated, 457 * 

— » caverns described, 122 

compact, 459 

crystalline, 4.57 

— - fossiliferoiis, 458 X 

blppurite, 333 ' 

j induKial, Auvergne, 224 

— ~ mountain or carboniierous 511 , 

magnesian, 4.56 

primary or metamorphic, 726 

of Jura, 396 

•— Devonian, of Germany, 533 

striated, 139 

Limultts rotundatus, 490 

Lindley, Dr., on botaiiieal nomenclature, 331 

Lingula DumotH-ii, Antwerp crag, 206 

Davisii, Lingiiia flags, 573 

Leutisii, Silurian, 5.50 

— Crednei n, 458 

— . bed*i, volcanic tufts of, 693 

flags, fossils of, 572 

Idnk, M., on footprints of Trias, 442 
Linton group, equivalenr.s of, 537 
Lipari Isles, stufas in, 732 
I Liqitidamber europeDum, (Eniiigen, 208 
i Liriodendron Prucaccinit, 2.56 
Litliodoini in beaches of North America, 78 
in inland cliiL, 73 

T.Uhostrotion basalt^orme {stnatum)^ L. JUm^ 
forme ^ 512 
Lits eoquillicrs, 302 
Lfiuitrs giganfeus, Silurian, 552 
Llandovery, Upper, formation, 556 

Lower rocks, thick ness of, 557 

Loa, Mount, craters of, 617 
Loam deiinetl, 13, 1 17 
Lodes. See Mineral veins 

liilnd wiih earthy matter, 766 

Loess, or fliiviatilc I 0 . 1111 , described, 117 
fossil shells of, 119 

Logan, Sir W., on Stigmaria In underclays, 465 
— on Enznon Canadense, 579 

on Potsdam sandsto.ie, •577 

on thickness of co.il-beds, 482 

Loire, faluris of the, 1H2 

London clay, relative position to Bed crag, 109 

— clay proper, 289 

Longevity,, relative, of mnraiualia and testacea^ 
1.32 

Diiigmynd group, .573 

Lonsdale, Mr., on fossils in White Chalk, 26 

— - on corals, 276 

on Stonesfield slate, 402 . 

on corals of Sicily, 193 

Lotisdaleia Jloi iformis ,512 

Lowe, Rev. 11. T., on shells of Mogadorc, 668 

Lower Oulite, 398 -410 

Miocene of Uelgiiim, 236 

Lucerne, thickness of shingle beds near, 257 

Lucina serrala, 288 

Ludlow formation, fossils of, 548^563 

Lower, 5.50, 553 

Lulworth Cove, dirt-bed of, .389 
Lund, M., on mammalia of Brazils, 128 
Lycett, Mr., on Great flolite shells, 401 
LycojHidium denstim, 468 
Lyme Kegis, lias at, 424 
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Lyn^iord invaded by the sea, 33 

kelp in, 32i 

l.yiHUCa limghc'Ua^ 29, 2B0 
_ — candata^ Hcadon beds, 282 
Lyons, cual-inlne near, 48U 


- 11 1 ‘ANDREW, on scarcity of fish on sea-bottom, 
i” f)H2 

Mr, on Portland Old Red volcanic 
rork-i, 092 

Marlure, Ur., on Olot volcanic rocks, CS9 
Miiflttrea Logani, Silurian, 508 
M'Cliutock. Sir Leopold, on G'/ciAij^ermn, 318 
. — oil depth of North Atlantic, 271 
M(H'iopiis alias ^ 126 
. — incisor of, 127 
major, 120 

iM'CulliK-h, Dr., on foliation in Scotland, 747 

on absence of pebbles in granite, 721 

. 1 — on b.isaltic columns in Skye, CIO 
ii — on drnu lution, 07 

on formation of hornblende schist, 734 

on Glen Tilt granite, 701 

on I'le of Skye, 30 

on overlying rocks, 7 

on relations of trap, lava, an 1 scoriw, 615 

on rocks altered by trap, 608 

on tMo granites of Arran, 720 
on trap-veins, G04 

]\rc:iiIlorh, Mr. J., on Laurcntian fossil, 579 
Madeira, Upper Miocene shells of, (:G7 
—— dike in valley in, 603 

Island of, formation and length of, 039 

lavas, absence of waterworn pebbles in, 645 

section of, 041 

M lostricht beds, 313 

Maniotti, Don Pedro, on shells of raised beach, 
fifiu 

Magas pumtla. White Chalk, .324 
MjgiKsian limestone, concretionary structure of, 
37 

—— limcFtone defined, 13 

— — limestone gioiip, 456 

M.iiilbt.iiie, fossils* in White Chalk of, 328 

Malaise, Prof., on Kngilioul ca\e, 124 

Mammalia anterior to P.iris gjpsum, Table of, 385 

extinct, coeval with man, 115 

fossil, of Middle Purlieck, 379 

in Auvergne alluvium, 681 

of Heinbridge beds, 281 

of Great Oolite, 403 

of Siw&llk Hills, 273 

Mainnialiaii fauna, ancient, of North America, 166 

Mainmat, Mr., cited, 69 

Mammoth. See Elephas primigemus, 132 

Man coeval with extinct maniiiMiia, 115 

Mantell, Dr., on fossils of Weald, 347 

■ — • on beleranitesin Oxford clay, 398 

— on Brighton Elephant-bed, 371 

* — on freshwater beds, Isle of Wight, 281 
on Igmanodon, 345 

— on Wealden formation, 343 
— — on the Coomb, 361 
Mnntellia megalophylla, 387 
Map of Palma, 621 

of Caldera of Palma, 622 

of Kifel volcinic region, 670 

■ — of Eocene tertiary Itasins, 278 
* — to illustrate denudation of Weald, 356 
•— of Lower Miocene of France, 219 
■ — showing chalk formation in France, 334 

of St Paul's Island, 635 

- — of vulcanic district of Catalonia, 660 
Marble of Carrara, 750 * 

defiued, 12 


mv 

Marine and brackish water strata In Coal, 490 
Marl, red, of Auvergne, 221 

— defined, 13 

— — in Lake Superior, 96 

— red, white, and green, In England, 440 
Marls, green and white, of Auvergne, 221 
Marl slate defin«*d, 13 

Marsupitt's MiUen^ White Chalk, 324 
Martin, Mr., on chalk fractures, 358 

on fractures of Weald, 364 

Martins, M., on shells of Sahara, 175 
Massachusetts, plumbago of, 735 
Mastodon arvemensis, Norwich crag, 197 

giganteus. United States, 166 

Mayence basin, tertiaries, 241 
Mu}eocien, term expiained, 2.56 
May-llil), bone beds of. 548 

sandstone, thlcknes** and fossils of, 556 

Silurian strat,i of, 547 

Mediterranean, depohit^'orming in, 'i6 
Meek, 5rr., on Nebraska plants, 337 
Meerlelder Maar, Lake of, 673 
Megalodm eucullatus, 536 
Megatherium, molar of, 1.15 
Melania turritisstma, Bembridge, 280 

inquinata [Cerithtum taelanoidcs), 293 

McLinopsis huccinoidea (recent), 29 
Melaphyre, 600 

Menai Strait, marine shells in drift, 138 
Mend'p Hills, lead veins in, 769 
Mendips, denudation in, 67 
Metallirerons veins. See Mineral veins 
MetaU, relative age of, 708 
M tamorphic or Crystalline Limestone, 726, 727 

— rocks, defined, B 
rocks, cleavage of, 739 

— rocks, order ot succession, 754 
rocks, 724 

, rocks, age of, 749 

— rocks, scarcity ol lime In, 756 
strata, origin of, 728 

strata, vihy less calcareous than fosslliferoi 

strata, 755 

structure, origin of. 735 

Metamorpbism not requiring intense heat, 731 

by hydrothermal aciioii, 731 

Metamorphosis of trllobites, 5.59. See Trflobites 
Meteorites In drift, 175 
Meyer, M. H, von, on reptile of Coal, .503 
on specimens of Archego^aurus.SIO 

— on Weald of Germany, 349 
Mexico, melted matter from Jorulbi in, 710 
Mezosoic, term explained, 92 
MiCiiceous sandstone, origin of, 14 
Mica-schist, 720, 727 

Micraster coT’^anguinum, While Chalk, 323 
MtcroeoHChus earbonarius, 490 
MicroUiles antiquus, molars of, 431 
Middendorf, on Siberian ice-drift, 1 'iC 
Middle crag, recent species in, 20b 
Middle Oolite, 395-398 
Migration of Miocene plants, tlieury of, 267 

of quadrupeds, 130 

Mlbolite limestone, 301 
Miller, ll'igl), on salt lakes, 447 

on fostil trees In coal near Edinburgli, 482 

on Old Red Sandstone, 527 

Milne Edwards, M., on bryuzon, 212 
Minehinhamptoii, fossil sliells at, 401 
Mineral composition, test of age of plutonic rocks, 
709 

composition considered as test of age, 97 

— — composition, test of age of volcanic rocks, 6y5 
composition of vo canic rocks, 598 

— character of hypugeiic rocks, 755 
character of aqueous rocks, 10, 94 
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Mineral iprlngs eonncctod with mineral veins, 

veins and faiiUs, 7Sfi, 7M 

— — veins of ilifTerent ages, 760 
— veins, pelibles in, 76*2 

veins npar granite, 764 

Miner ilisal inn of organic remains, 38 
Minerals, taiile of analyses of, (iO‘2 
Mioc ene. I<ower, fossils at Mount Perrier, 680 
— « and Eorene, line between, 21A, 244 

Atl-intis, theory of, *26ri-.272 

Upper, of the Bolderbcrg, ‘233 

Upper, volcanic rocks, 667 

— Upper, Madeira and Porto Santo shelly tuffs, 

667 

Lower, rocks of Klfol, 671 

— perhni, 210 

plants and shells, whether distinct genera or 

varieties of living, ‘264 

term explained, 187 a 

Mississippi, accinniilatinn m sediment in, 489 
— — fliiviatile strata ami delta of, 3 
Mirchell, Sir T., on Wellington caves, 126 
jUitfii icabra, Barton clay, 285 
Miibcherlich, on Monte Somma cone, 6A4 

on augite and hnrnbiencle, A9I 

Maduiln acuminatH, Permian, 457 
Modiin, lithodomi in cliff at. 73 
Mod TryfacMi, marine shells found at, 158 
Miilasse, MiddI*', of Switzerl.iiid, ‘235 
— • freshwater, of Switrerl.iiicl, ‘247 

Lower, of Switserland,‘236 

Moiliisca of Hallstadt bens, 433 

common to Upper and Middle Oolite, 303 

Mona liOa, 643 

Mons, flexures of coal at, 33 

Mont Blanc, talcose granite of, 713 

J)<»r, volcano ol, 677 

Pernor, breccias of, with bones, 678 

Monte Uolca, Miclilo Eocene, fossil llsh of, 687 

Mario, age of volcanic depotitb of, 66(i 

Montlosicr, M., on cones of the Vivarais, 682 
Montmartre, gypseous senes of, *296 
Montsacopa, crater of, 66*2 
Monts Dome, Auvergne, extinct volcanos of, 389 
Moore, Nr. Charles, on Han DomingO shells, 271 
on teeth of mammalia, 440 

— on Upper Trias quidriipcds, 386 
Moraine, term explained, 138 
Moraines of glaciers, 140 

terminal, 140 

Morea, inland sea-cliffs of, 41 
Morlot, M., on lake-dwellifijs, 110 

on Swiss deltas, 120 

Morris, Mr., on Stoiiesfidd slate, 407 
Moriiliet, M. de, theory of lake.cxcavation, 172 
Motasaurus Cmuperit 313 
Mottled clays and sand, ‘292 
Mountain limestone, 311 

strata contcmpor.meous with, 518 

Mountains, vulcanic, form, structure, and origin of, 
611) 

Mull, hie of. leaf, bed, 239 

Munster, Count, on fossils of Solenhofen, 393 

on Placodus, 437 

Murat, freshwater limestone near, 685 
Murchison, Sir K. 1., on granite of Cuithiiess, 720 
on flints in Dover cliffs, 371 

on Silurinn strata, 348 

— > on Swiss molas'-e, 24H 

on carbnniterous plutonic rocks, 717 

on Silurian volcanic rock, C92 
— — on cleavage, 739 
— on conversion into gneiss, 737 
on Devonian stTies, 632 
on fossil fish of Monte Bolca, 687. 


NOR 

Murchison, Sir R. L, on metamorphic rocks of North 
Highlands, 733 

— on name Permian, 466 

— on Permian rocks, 460 
on Posidoiita miiiutn, 440 

on protrusion of solid granite, 710 

nil Hiissian glacial drift, 149 

on schists of Old Red, 3*27 

— — on the Cantal, 2 D 

on thickness nf White Chalk, 316 

Murebisonia gracilis, Silurian, 368 
Murex vaginatuSt Ischia, 189 
Muscheikalk, foxsils of, 4 '6 
Mytiuhates Edufavlsi, ‘2R7 ' 

Myrini‘cobiim dc'icribed, 403 
Myiilus scpUfcr, Permian, 4 >7 


V APLES, Post-pli icene volcanic formations of, 653 
Xassa granulata. Red crag, 200 
Natictt, Kp.iwn of, .S‘25 

clausa, (Jlydc drift, 13.1 

hfihoKti's, Norwich crag, 196 

Naut.ltts zigzag, 291 

Diiitu'tts, I'axoe, .114 

cenirahs, I Iig ligate, 291 

pl-eatut, 3il 

trunrntus, Idas, 416 

Navarino, litli<»doini found in cliff at, 73 
Nebraska, Miocene strata ol, 276 
Necker, M L A , on dikci of Vesuvius, 633 
on Arr m gr.'uiite, 7*20 

— teiins granite “ underlying,** 7 
Needles ol chalk, size and position of. 355 
Nelson, Capt., • n Bermuda corals, 316 

draw iiig of Bermuda, 79 

Ncocomian, term explained, 339 
Neozoic type of corals, 311 
Nepriinian theory, HH 

Xcr^iiita hu rvglyphica, 396 
UtHHikaliii, Coral rag, .196 
Ncrina:>an limcbtone, 396 
Xertfa conuidea ( SchnnideUmna), 302 

— - costulata, (ircat Oalitp, 40*2 
granulosa, 30 

— globulus, .10 

Xeritma cuncava, Hendon scries, 282 
Newherrv, Dr , on S|iciiophyIluni, s71 

on New Jersey flora, 336 

Nc\vca>tle co.'ii-lield, great lunlls in, 63 
New' lied S.iiidslonc of Conoei-licii valley, 451 
— - Reil .Saiidstoiii' perioii, tiap of, 6H9 

Bed .‘sandstone lorm t'on, 4 9 

New York, Devonian str.ita ol, .339 
— . Cambri.in strita of, .378 

Lanrcntian strata of, 579 

Silui Ian stiata of, .*^66 

New Jei bey, Mastodon at. 166 
New Zealand, sudden rise land in, 171 
Newer Pliocene volcanic rocks, 6.31 
Niagara Limestone, lossiis of, 566 
Nile, depobitb of, 118 
— . mud, 118 

Xipndit s I’llipficus, Sheppey, 289 
Xoilusana, Cti.ilk, ‘26 
Xueggcraihia eunrtfolia, 462 
Nomenclature of \ nlcaiiic minerals, 589 
—— changes of, 89 
— « Ilf Trias, 430 
Norfolk, buried forest, ICO 

drill, cuinposiiioii of, 160 

Normandy, chalk of, 362 

shells in, '206 

needles and chalk cliflk of, .193 

North America, glacial formations of, 161 
carboDiferoui limeitone of, 619 
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Vorih Crrmany. lauiia of, 234 
North Wales cleavapc ol slate rocks In, 741, 746 
N«.rtIiHH h, ol sail at, 446 
Norway, ffraniie veins In gneiss of, 706 

('.iiniirian •>!, 676 

stiiiri'in plntonic rooks of, 717 

N )rwioh crag, shells of, 196 

Kiiiid-pipes near, 82 

Nova Si’otia. fossil forests of, 482 

peiuwl <ifcoal acc imiilaiton In, 488 

Sucufa CtihhoMite, Norwich crag, 19G 
ffummuiih’s {Nuuunulmia) Uevtgaia, 287 

exponcns, Kiirope anil Asia, 305 

Piischi, Pyrenees, 30.5 

NuTinnolllic formations, 301 
Nist, < ”0 testacea in Antwerp crag, 205 
*— r on Kdcgliein shells, 232 


O nOMTS prit of Russia, .56.5 

4f)oUmis, Silurian, .565 

OhMdi.'in, 6ii() 

(Kniiipen, Upper Mioeene, beds of, 246 

(Rpiornis. epp-i of, in Trias, 4 12 

()i.Mih.iii«eo, M. von, on ( oinish granite veins, 704 

Ouj/fitii livchti^ S'liirian, .562 

OliK*. I'alls of, Devonian coral-reef of, .540 

Old K< d, supfiosed reptilian reniain« of, .526 

Old Red Sandstone, subdivisions of, 520 

thickness <if, .520 

trail of, 691 

Oldest pr.-mites, 718 

Ohlhamiit 1 atliaifi, 0. antiqua, .574 

Olruus tm'rrui us. Lingula flaps, 573 

Oliporl.ive. composition of, .590 

Olivn Ihtficswi, H dderberg, H ‘Igiiim, 234 

Oliver, Prof , on Miocoiio Atkanlis, 268 

Ohnne, 591 

Olot, volcaidc rocks of, 6.59 
Omphymn tiu/nnatum, Wenlock, 654 
Oncfms tenntstriiilus, Silurian, 619 
Oolite, origin of, 426 
— d vihiniis of, compared, 411 

(ireal. fossils of, 399 

—— Ore.it, fossil pi Hits of, 407 
— ^ Iiifi-rior, fos.silb of, 409 

pliitoiiic rocks of, 715 

pli).sical gcojraptiy of, 376 

t.ible of divisions of, .37.5 

term dcfliied, 12 

— upper, middle, and lower, .376 
Oolitie stiala ol Kiigl.iiid and Prance, 376 
. — vole.inic forks 684 
Ophwdi'nna Efirrtoni^ Middle Lias, 417 
0|)liite. Oidiiolite, 60i) 

Op issum, mol.ir tooth and part of jaw of, 292 
Oppel, M , on zones of Lia.s, 414 
Orhigiiy, A. d', on Orbitoidfs, 30.5, 308 

on cretaceuiiH series, 312 

on distinction of species, 213 

■ — on Vienna basin, 242 

Orbieny, M. U. d’, on pisolitic limestone. 311 

Ori’adnphitr Iheni, 208 

Orp.mlc remains, criterion of .igo of formation, 94 
■ — tests of age of volcanic rock, 649 
Oiiskany sandstone, class! lication of, .540 
llrmcrod, Mr., on thickness of Trias, 44 
Oithis elegantula. Upper Ludlow, .549 

tricrnaria^ 0. vespertilio^ 0. grandttt Silurian, 

.559 

Orthoceras in St. C.isslan beds, 439 
Orlhticeras vn/ilncoswn, 661 
■ — i'tfetaff’, 616 

iiupirx, Silurian, 562 

Orthoclase, composition of, 690 
Osburne. or .St. Helen'i lerlei, 282 


PEN 

Osteolepis^ Old Red Sandstone, 629 
Ostrea gregarea^ Coral rag, 396 
acuminata^ Fuller's earth, 408 

— varinata^ Chalk, 326 

— columha. Chalk, 326 

— dt’Uuidca^ Up|)er Oolite, 393 
dutoria, Purheck, 378 

erpansa^ Portland-stone, 392 

vvsi(utari»t Chalk. 325 

Oiodut otdiquu<, tooth of, 2H8 
Overlying, term applied to volcanic rorks, 7 
Owen. Prof., on Kocerie mammalia, 385 
• on carboniferous limestone, .519 
on cave-brcreia fossils, 126 

— on fauna of Sheppey, 2'»0 

on forthteps on Potsdam s.indstone, .577 

— — on footprints of Trias, 412, 4.53 

on Gastornis Parislensis, 303 

on IchthyosMiini^. 421 

on Paleophis typk^s^ 287 

on P/agiau/az, 382 

on Purheek mammalia, 380 

— on reptile fif Coal, -503 
on Trigonodoii, 383 

on Stonesfleld mammalia, 404, 405, 456 

— — on Zi'Uglodon, 3f>7, .308 
Ox. common, molar of, 134 
Oxford clay, fossils of, 397 


PACIFIC, comls and rh;dk of, .316 
^ Piil/rchiHus gfgas, Mountain Limestone, 514 
Paheonnrus (PalarolhrmuM), 4.59 

nmptifS^ P. tfrgnns, P, gtapfiynts, 460 

PaluoiUology of cretaceous rocks, 342 
— term expl diieii, 100 
Pal<Ftifihts typha'us, Hracklesliam, 286 
Paitensawus pln/yodon, tooth of, 444 
Palte- the t turn magnutti, 281 
P.ilaM»zoic tjpe of cora1«, 511 
Pal.igonite tnir, 597, (Kli 
Palermo, eaves near, 74 
I'alma, .’iqneons erosion in, 630 

denudation of fluviatilc or marine, 632 

caldera of, 6.'1 

structure of, 621, 624 

Paludina, fossil, of Auvergne, 225 

lenta^ Hempstead, 29, 238 

61.it ence, 241 

orbicularis, Dembridge, 280 

Varadoxides Buhetniens, .575 
Para^mtlia centralis. Chalk, 512 
Pans basin, tertiarics of, 296 
Patka dedpiens, 525 
Parkinson, Mr., on Siiffiilk crag, 182 
Parrot, Dr. F , on salt-lakes of Asia, 447 
Patagonia, seflimentary l.iyers of, 745 
— ground-plan of dikes near, 1,59 
Patella rugasa. Great Oolite. 402 
Peach, Mr. C., Scotch Devon! in fossils found by, .527 
Peak of Teneriffu, view of, 637 
Pearlstnnf, 601 
Peat of Denmark, 109 

Pebble-beds of Lower Miocene, Switzerland, 2.57 
Pebbles, absence of, in granite, 721 
In Chalk, .321 

Pecopteris lonehitira. Carboniferous, 46C 
Pccten islftndicus, Cltdc drift, 153 

Ifeitveri, White Chalk, 325 

papyi aceus. Coal, 402 

quinque eostatus. White Chalk, 325 

Jiicobaus, Sicily, 193 

Valuniemis, Trias, 439 

Pegmatite, 696 
Penan h bods, 4.39 

Pengeliy, Dr., on flint-knives of Brixham cave, 124 
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Ppiipclly, Mr., on Bovey Trac-ev lignite, J3ft 
Pi'utaennut Jiiuireua, Llaa, 417 
PentHTneniB bedH, fl'i7 
■ Pentamcm* Kniuhtii, AymeBtry, S.'M) 

5 >7 

— oblungus, ri.'>7 

Pontbnd llillii, volranic rocks of, 092 
Penman, hiiriiun skulls at, 109 
JVprriiio, fiOl 

J^')iprinos of Gergovla, GHC 
Pi’|))’», Mr., citi»d, 41 
period of Weald denudation, 307 
Permian group, 456 

floia, 461 

P ’tna MuUeti, .341 
I’otberwjn group, fossils of, .5J3 
Petrifaction of fossil wood, 39 

process of, 43 

Peirosilex. 601 

Phacopa latiftortSi Devoniciii^A33 
— raudatus Si I urian , hlth 
Phttscolothnrmm Bucklandi, StonesfieM, 406 
PhmianeUa Hcddmglonniais, CoraUrag, 39 
Phillippi, on tertiary shells ol Sicily, lUl 
Phillips, Prof., on roal-bearing strata, 463 
•— on Weiilock shale. .'>55 

on sl.ity cleavage, 741 

IMiillips, Mr. W , on kaolin of China, 11 
PhL'hnptena contiguu. Lower Oolite, 408 
PhuladomyajUicuta, Inf. Oolite, 409 
Phonolitc, .594, 601 
Phurus extenatta, llighgate, 291 
PhoS|ihatc of lime, 3ifi 
Phragnioceras ventricoaum^ .551 
Phryganca, larva of recent, 224 
Piiyllade, 727 

Phyaa rotuuinarfa, P. hypnorum (recent), 29 

Uristomi, Middle Pm beck, 379 

Pico Torres, &c , of Mideira, G40 
Pictou, calainites near, 488 
Pile-dwellings of stone and bronze ago, 1 1 1 
— of .Switzerland, 110 
Pilton group, fossils of, .53.3 
Pinnuturia, Atlantic mud, .318 
Pnius sylvcstris in peat, 10!) 

PisoHtic limestone, France, 311 
Pitchstone, 601 
PhtcodtiS gtgaa, teeth of, 4,37 
Placoids of Wealden, 347 

scarcity of, in Old Red stiata, .528 

Ptagiaulax pfckleaii, jaw of, Middle Purbeck, 
380 

minor, jaw of. Middle Purbeck, 382 

Ptagiosioma gfganb’um, 41.5 

Hoperi, White Chalk, 32.5 

Planera liichardi, (Kningcn, 263 
Pliinitz. tripoli of, 26 
Planorhia diacua, Bemhridge, ‘280 

euomphatus, 29, 282 

Plants common to Eocene and Miocene, 273 

fossil, of Madeira, 642 

fossil, of Switzerbnd, 258 

of Purbeck beds, 391 

of the Keuper, 432 

Plas Neuydd, rock altered by dike near, 607 
Pl.istic clays and sand, ‘292 
Platanus aceroidea, (Kningen 2-52 
PlUysUma Sursait, Hulls tadt, 434 
Pin* lair, cited, 45, 88 
on faults, 61 

on Huitonian theory of stratifleation, GO 

Plcctrodua mimbdia. Upper Ludlow, .549 
Pleistocene, term, why abandoned 107 
Plesiosnurwt dohrhodetrus. Lias, 420 
Pleurodictyum pruhlcmattcum, 538 
PUw otuma attenuata, 288 
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Pieuroioma rotata, 31 

Pieuroiotnaria earinata iftammigera), .515 

— Anglica, 39 

— granulata. Inf. Oolite, 409 

ornata, IiiK Oolite, 409 

Plieninger, Prof., on triassic maminifer, 430 
Pliocene, term explained, 187 

Older, volcanic rocks, 666 

strata in Ischia, 188 

period, 177 

— vulcanic rocks, why Invisible, 710 
Plomb dll Cuntal, igneous rnohs of, 68t 
Plotnbi^res, alkaline waters of, 7.31 
PloveiGcId, fliip-grained granite of, 720, 721 
Plumbago of Massachusetts, 725 
Piiitonic roi'ks, 7 

action, 731 

carboniferous, 716 

cretaceous, oolitic and liassic, 719 

ol the Andes, 71.1 

rocks, origin of name, 694 

Siluri.in. 717 

test of age of, 709 

Pluvial action on chalk, 363 
PiMlocarya, porimn of friiii, 407 
Podogonium Knorrvt (Eningon, 249 
Poikilitic, term explained, 4.'.'^ 

Potycccba profunda, Penman, .511 • 

Poiypterm, living, in the Nile, .529 
Pomel, M., on fossil of Mont Penier, 680 
Pompeii, bronse instruments found at, 112 
Poiito dll Cruz, trarhytie tuffs of, 646 
Ponz.i Islands in M diterraneun, 61.1 

— zuiiiHi structure of traciiyte In, 744 
PoiiZH, Isle of, glohiiliir pitchstone in, 613 
Ponzi, Prof., on Siibapenniiie strata, 207 
Porphyritic gi aiiite, 099 

Porphyry, .595 

Portland, Isle of, fossil forests In, 338 

stone and sand, .391 

Port Afoniz, s irface ol lava ill, 616 

Porto .S.into, M ideira, Upper Miocene sliclls of, 667 

Poaulonm niinuta, Musi‘helk.ilk, 437 

Poaidtmontya ^cr//rri, .518 

Post-pliocene period, hinnnn remains of, 113 

niummulia, teeth of, 1.32 

l.ikes of Swiiz Tlund, 172 

valley drills of, 1 14 

I —— volcanic rocks, 6.52 

btr.ita, 107, 1 13 

Potamidea cinctm, 30 
Potsdam Siiiid'tonr, .576 
Ptitstones !it Horotead, 320 
Pottery in nprnis d strata, 121 
Potcsville, Coal-seams near, 4 !j6 

— fimtprints of reptiles near, .506 
Powell, Mr., on mammalia ol Auvergne, 227 
Fowrie, Air., on Cephulaspis beds, -528 
Fozzolana, 36 

• Prasias, Lake, lake-dwellings in, 110 
Pr...t, Mr., on fossils of Oxford clay, 397 

on Lie ol Wight mammalia, 2Sl 

Precipitation of mineral matter, 41 
Predazzn, altered rocks at, 716 
Prestwich, Mr., on island in Eocene sea, 365 

— on Barton ilay shells, 2S5 
.—.-on Blackheath shingle, 294 
on Eocene strata, 367 

— ~ on shells of London clay, 289 
on Weald denudation, 365 

— on iron-sands, 233 

on Calais flint -breccia, 371 

on cave and drill fossiU, 129 

I — on coa'-measures of Colobrook Dale, 62 
I — on Sables de llracheux, <385 
J Pie vast, M. Constant, on fauna of Montmartre, 296 
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Prcvost, M., nn P.irii basin, 296 
Primary l.imesfnne, 727 
Primary ” srhists, composition of, 736 
Primordial zone ot Bnrrando, SCO, 

Prodtiftus horridtu, 458 

snnireticulatus {aHtiquatus\ 514 

Progressive dcvciopmont and oldest foscil flsh, 583 
Proteares, species in Lower Mulassc, Switzerland, 
2"i9, 2G() 

Protogiiie, 700, 727 

Protrusion of solid granite, 719, 723 

Psammodus poioxus, 517 

PHarcmliis in Permian of Saxony, 4C2 

P.S, urton inites hifasciaius, Wenlock, 55t 

Pulxphytun prtuecpx^ Devonian, 544 

Pter ispis in Lower Ludlow shale, 552 

Plfruhthy , Old lied Sandstone, 531 

Ptenulartyl, Rijrantie size of, 328 

Ptfrodiii h//us cnisxirosh is, Solenhufcn, 393 

Pmuphyllum comptum, (iristliorpe, 408 

Pft't y^otus anjilicus, 52;i, 524 

Pti/chndus f/<TMr»Y«x, Chalk 328 

PngvAard, M., on strata of Ischia, 189 

Piiherm.iar of Cilleiifeld, lake oi, 67J 

I'limice, 5'J(i, tiOl 

Pupa tiiusrotum, Rhine, 119 

Coal, 508 

— tridcus, 30 

Piirhcck, I^owcr, shells of, 387 

Iieds, 375, 377-391 

josmI matninalfa of, 379 

— marble, 377 

Middle, shells of, 378 

Cpper, shells of, 377 

I'lirity of coal, causes of, 488 
Pmpura tetragona. Red crag, 2*^0 
Purjiuroidra nodulaUt, (treat Oolite, 402 
I’uy de Come, volcano of, fi82 

de Parioii, crater of, fiN4 

dc Tartaret, eruptions of, G81 

Pyrenees, curvatures of strata in, 58 

— altered fossiliferous rocks of, 730 

— lainiiiatiuii of clay-slate in, 748 
P>nixeiie, 592 

]*\r(ixeiiic porphyry, GOI 

Piir.ziioli, elevation .and depression of hand at, G54 
Pyiula reticulata, Curalliiie crag, 2fi3 


QCADHUMANA of Upper Miocene strata, Gers, 

Quadrupeds, extinct, in alluvium, 11 
Quartz, fusion of, 697 

veins in gneiss of Norway, 706 

Quartzite, quartz rock, 7^6, 727 
Quebec group, fossils of, .578 
Quekett, Prof., on Pupa vetustn, .509 
Quenstedt, M., on zones of Lins, 414 


1) ADA BO J, fossils of, 243 

Riidicofanl, Older Pliocene volcanic rocks of, 6G6 
Radiol ties fvliaceus. Chalk, 335 

Mart mi. Chalk, 326 

radtosus. Chalk, 3.1.5 

Radnorshire, strati 8ed trap of, 6'i2 
Ham-prints with worm-ttacAs, 4'»6, 487 

carhoulferous, 486 

Raised lieach of San (Stalina, 669 
Ramsay, Prof., on Welsh glaciers, 1-59 

on causes of Weald denudation, 372 

on cretaceous fossils, 342 

on denudation, 67 

— on Devonian Urachiopod.n, 538 

- — on fo'hlls of Mountain Limestone, 514 

— on relations of Oolitic fossils, 410 


R06 

Ramsay, Prof., on St. Cassian fossils, 435 
on Tremadoc slates, &c , 572 

— on Trias of England, 438 

on two granites of Arran, 720 

on volc.mic tuffs of Snowdon, 602 

on zones of Lias, 414 
I Rastrites perrgrinta, Silurian, 561 
Raiihn, M. V., nn Diest sands, 233 
I Ravine of Barranco de las Angustias, 631 
! Recent strata, defined, 107 

j strata near Naples, 109 

I volcanic rocks, why invisible, 710 

! Record, imperfection of, in the earth’s history, 179 
! Red crag of Suffolk, 199 
; Red Sandstone, origin of, 445 
I Red Sea, sultness of, 448 
! — and Mediterranean, distinct species in, 90 
! Reindeer period in South ot France, 1 2.5 
< Rel.*ttion ol trap, lava, and scoriee, 613 
j Helistran mine, pebbles in (in, 762 
I Iteptilu of the Kiipferschiefer, 461 
I Reptiles of coal-measures, 508 

I carboniferous, .502 

j of the Lias, -120 

I supposed remains of, io Old Rod, 526 

Rct^poiajlustraeea, 458 
Ketinite, tiPl 
Rhfftic beds, 439 
Rhine, fossils of, 119 
— — v.illey, human skeleton of, 117 
Rhinoceros lepfoiAintts, molar of, 133 
Uchni hinus, molar of, 133 
Ithomboidal scaled fish, 529 
Rhynehunella h'thoni, Aynscstry, 551 

— naificiUn, Ludlow, .549 
ociupiieata. White Chalk, 324 

sptnosa, Inf. (>oIlte, 409 

] Rhytlsma indurafum, (Eiungen, 264 
I Richardson, Sir John, on fossil Sequoia, 260 
I Richmond, Virginia, triassic coal-field ot, 4H 
I Rimuia clathrala. Great Oolite, 402 
j Rink, Mr., on ico of (ireeiiland, 143 
j RippIe-mark, formation ol, 19 
I' Rise and fall of land, 108, 114 

I in AVcaldcn period, 350 

, Rissoa Chasli’tii, Hempstead, 238 
j Ritter, M., on submergence of .Sahara, 174 
River terraces, ancient, of Nile, 118 

— chiinncls, ancient, .501 
Roche de Pigiion, Seine, 354 
Roche moutonnec dcscrihed, 140 
Roches d’Onval, Klbceuf, 3.54 
Rock, term defined, 2 

— . cretaceous, 337 

——and Spindle, St. .Andrew’s, GfP 

salt, origin of, 445—448 

Rocks, four classes of, coiiicinfioraneoiii:, 8 

altered by subterranean gai.es 732 

danilic.'ition of, n6 

— — > COin||08ed of fos'^il zoophytes aiiU shells, 24 
——glacial scorings on, 143 

— metamorphic, 724 

— metamorplilc, age of, 749 

— trachytic, of Madeira, 616 
trappean, 88 

— Silurian, table of, 547 

smoothed and striated, 139 

volcanic eocene, 087 

Eocene, granite, and plutnnic, 713 

altered by subterranean g.ises, 609 

tests of age of, 648 

— volcanic, structure of, 610 
Roderberg, volcano of, 674 

lingers, Prof*., on Devonian rocks, U S.. 540 

on cnal-flelii, United States, 495, 498 

— — on reptile footprints, 5tl6 
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PoKors, Prof., on Richmond cnaUfleld, 449 
Ruman relics in Swiss slrut.i, 120 
Rome, formations at, 207, noS 
. K(>mer, F , on ch ilk of Texas, 337 
>~on Aix-la>('lM|>elle beds, 331 
Rose, Oiistfiv, on fusion of quartz, C07 

on FiiC'ihire dike, (i'Jl * 

on hornblende, .Vjl 

Ross, (‘apt., on gre. nstone at Keeling Island, 321 
Itosa-shire, denudation in, 07 
Rosso antico, red porpliyry of Egypt, 395 
Hosteilana amp/a, 291 

Roth, M., on Mioceno formations of Greece, 24a 
Hoxaltm^ (.'halk, 20 
Rubble, term explained, HI 
# Riinn of I’uteh, salt of, 447 
Rupeli.in of Diiinonf, 23.5 
Hupelinonde, Upper Kncciie beds, 23G 
Kiissm, glaciation of, M'J 

Devonian of, .537 

fossil meteoric iron in, 175 

Rutimeyer, M., on Eocene monkey, 292 

e 

O ARLES de Rracheux, 3U3 

inu)ens, 300 

Saarbriii'k coal-flcid, 302 
Sabal Vevay. 2.57 

^ Sahara, submergence of, 174 
St. Abb's Htad, umonlorinable stratification at, GO 

cui vod strata ncvir, 49 

St. Andrews, Rock and Spindle in, <>90 
St. Helena, volcanic dike of horizontal prisms, 
GIU 

St. Lawrence, Gulf of, inland beaches and cliir», 7H 
St. Mary’s, hlielLs of, (ifi9 
St. Mdiiel. France, inland i liiTs near, 77 
St. Paul’s or Amsterdam Island, 0:’.5 
St. Peter's Mount, near Maebinclil, sandpipes in, 
83 

S. Vicente, tuffs and limesioiies of, G.39 
Salisbun crag, ulteied strata near, GOs 
Salt rock, oi igin of, 146 
lakes of Asia, 4 17 

.Salter, Mr., on fossils of Lower Llandeilo, .563 
.Sail C.ilalina, raided beach ol, OGU 
Sandberger, Dr. F., on Mavcnce Tertiary, 241 
Sandpipes of North Downs, .'GO 

in Norwich, H2 

or sandg.illo, term explained, 82 

Sands of Hasting'., 346 
«if Diest, 23i 

Sandstone, Grey, of Upper Ludlow, .549 
——and conglomerate of Auvergne, 221 
New Red, of Cnliiiccticut, 450 

— slab, wiih cracks 34S 

.Sandwich Islands, craters and calderas of, 61G 

voIcanuH of, MG 

San hiri^uta, 'ili 

Sattil, intercalations of gneiss in the, 753 
Saucais, near Rordeaux, falniis of, 23U 
Saiirianx of Lias, 420—42.5 

sudden ilestruciion ut, 424 

Saurtchthyi apicaiis, 440 
Sau»aure, on erratics, 142 

— oil vertical conglomerates, 47 
Saxteava rugosa, Clyde drift, 1.53 
Saxony, protrusion of solid granite in, 719 

beds of minerals, 762 

.Scandinavia, glaciation of, 149 
Seapkilcs eequaliXt Dorsetsliire, 321 
Scarborough, oolitic plants uf, 407 
Schist, micaceous, 72G, Vil 

argillateims, 7‘i>i, 727 

Schaodui Schlotkeivii, Permian, 457 
truMcatuii Feriiiiun, 457 


8HA 

Schmcrllng, Dr., on Lidge caverns, 123, 124 
Schorl roi k, 700 

Schwab, M., on Celtic coins. 111 
SculioUoma, St. ('assian, 434 
Scoresby, on Arctic icebergs, 145 
Sconaceoijs lava in part amygd.doid, 596 
Scoiiie, .59G, 6(>1 

• formation of, 5H9 

Scotland, fundamental gneiss of, .580 
Old Red Sandstone of, 521 

— gliu'iation of, 1.51 

Scropc, Mr., oii zoned structure of Poiiza hlandi, 
744 

on globular structure of traps, G13 

on globitbrm pitebstone, GI3 

on tuff .ind peperino. .597 

Sea-beds, scored by icebergs, 147 

cliff-, inland, 71 

Section through part of Tcneriffe, CSS 

at Cliainpradelic. near Clermont, 223 

between Atlantic and Mississippi, 4i>l 

betwt'cn rivers Alabama and Toiiibeckbee, 

307 

in Isle of Poi Maud, 388 

of Arran, 722 

of central rogionof M.iildra. G44 

of contorted strata, Foriarshirc, 1.5G 

of Dundry Hill, ne.ir Riistol, 4H, 94, 99 

of eNC.irpmoiits of Weald Valley, 357 

of Forf.irshire, 48 

— of Isle ot Arran, 722 

oflava at C.ivtcl Folllt.GGl 

of Madeira, Oil 

of Palma, C24 

of Sonib Joggins cliffs, 483 

ol Chilk .ind fireriisaiui, 315 

ol Elephant-bed, Riighton, 371 

of liiil .Mirth Ci»\e dirl-bed, 3 h9 

— — >ot Old and New Red S.iiKisluiic, 429 

of the Werdd, 314. :t.57, 3()G 

sliowmg chalk in Seme Valley, .3.52 

hliouing erect fossil tiees ni ( o.il, 480 

— vpitical, of slate-rock, Devon, 712 
Sedgwick, Prof., on coiicieliniiaiy magnusian liine- 

stoiic, 37 

oil brecciatcd limestone, 457 

— — on Cambnao, .570 

on caibonirerous plutonic rocks, 717 

on Coal sttiit. 1 , 464 

on ('orniNh granite, 704 

on Devonian series, .5.12 

on garnets in .titered rock, 607 

on giaiiile ol ( ’aitline.s.M, 720 

— ■ on Silnri.ni strata, TmC, .'i(i2 

on structure uf mineral masses, 738 

Segregation ol inineial veins, 7 .j 9 
Seiui cr}.stn]|inp strata uf Alps, 7.51 
Scml-' pal, Diiitomaccic in, 26 
jSenneville, clialk piiin.icle at, .1.54 
S(>f ni.in, term explained, .11.4 
Sequoia Laiinsitotjii^ Switzerland, 260 

— M.ickeiizm river, 2G1 
Seraphs convttlulwn^ 281 
Serapis embedded, 109 
Serpentine, GDI, 727 

I Serpiilo: uii vulcaiiic rocks in Sicily, 191 
.ittacbed to Kncrinitc, 400 
— . attaclicd tn Graphaa^ 22 

attaclicd to Spatanyus, 23 

Shale, Jj'iwer Ludlow, 551 

dcfiiieil, II 

.Sliarks, teeth of, 288 

Sh.irp lor, Cornwall, granite of, 69-5 

Sharpe, Mr. D., on shells in slaty cleavage, 741 

— UII Silurian fossil)', .567 * 

oil Upper Canada, 329 
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Shell -moundR of Denmaik, 109 
Sliulis, pioporiiou of Nuithern and Southern, in 
crag, WA 

Aiclic, lu Scotch drift, 154 

. — los'il, of Virginia, U. S., *275 

liibhil, of Loiulon clay, ‘291 

Uiosil, (if mountain liinesluiie, 513—517 

— — of llartun cl.i>, ‘2H5 
(if Edi'ghoin, ‘2.i2 

ol taluiis compared CO thuRo of crag, 212 

of I'axoe, 314 

of Cjergoviu toimatiun, G8G 

. — ot 111 cue Oolite, 402 
— .oi M.iyeiieu baaiii, 241 

of Nurwicli crag, I'jG 

ol Siciiy, I HU, i!i3 

— of siihai>eiiiiinc beds, 207 

— _ ol Upper and Middle Piirbeck, 377, 378 
pieserving ll mr lolour, M5 

. _ proportion lonnd in ditferent btratu, 188 

recent, 28, ‘29, 30 

valuaidu in ulasbilicatioii, I8G 
Shi ppey, launa and Hora ol, ‘290 
Sticilan ., granite ol, 701 
i— > hornhleiiilu sclii'itof, 73ft 
Sicily, volcanic dikuii of, 191 

C'lralb ol, 192 

dikcb ill, 058 

inland clitlii In, 71 

newer riiocem- beds of, lul 

.. - terraces of denudation in, 75 
Sidlaw llilib, trap ol, iiUl 
Siebcngeliirge, igneous rocks of, (»73 
SigillaiM, stiuctuic and sue of, 471, 478 

teii/i'rt/rt, Coal, 472 

Siliceon<« iiincbtoiie detined, 12 

— ro(k« dciiiied, 11 
Silniiaii pintoiiic roiks, 717 

duriv.iiioii of name, 548 

— — loss'ls, 519— 5(i5 

lower iiictaniorphie, in Scotch Hig)i1and«, 75.1 

rocks, tahic of, 547 

nuks, Upper, 548; Middle, 55(i; Lowe^ 558 

ro(k*, uhetiiei of iloep-water origin, 5G8 

strata of km ope, 5(15 

strata of United Mates, tabic of, 5G6 

— volcanie rockb, (i'i2 

Si/ihimni pi/rtJiirmiSf Diackdown beds, I3‘27 
Siphiiaotn’tu uiiguiculata, Sihniaii, 5G5 
SiwaliK llilLs, liebliwaler deposits ot, '27J 
^k.i|»!ai Jokul, flow ol lava Iroin, G5U 
Sk}e, pillion ic locks of Lnib in, 7IG 

decoin Ubed trap ol, GUI 

baiaUtone in, .IG 

S/ct.U of .stunt’ //gi', l)i iiinark, 1 13 
— — > ({/ itouagt\ Deniii.irk, 1 1.1 
Sniillb, l)racli)c(.'pli.iluus, IIJ 

iiolichoceiihaKius, 1 13 

Slat\ cleavage, 740 
Slickeiisiilfs, lenii didi led 7G1 
S tttlfjc ohtusyuluit UMiingen, 2i3 

sagntiici a, CEiiiiigeii,'253 

Smith, Mr., of Jordaniiill, on Madeira fossil plants, 
G42 

Snags, fossil, 4SI 

Snowdon, volcanic tiifTs of, G92 

Smsoonnais sands, 30'i 

.Solentiuteii, tobsils in lithographic stone of, 393 
Soilatara. deco'iiposition of rucks in the, 73J 
Soinina, Hahlband at, (>05 

cone and dikes of, 054 

Siipwitli, Mr. T , models by, 57 

•Sorby, Mr., on ripple-marks in inica-ichist, 747 

on hiurothermal aeiluii, 098 

on slaie cleavage, 742 

South Devon, Old Ued uh fiJl 
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South Downs, transverse valley, SGO 

— view of, 358 

South Joiigms, btiginaria and Rlgillaria at, 472 

section of cl'tfjs at, 482 

SpaccoforiKi Inland cliffs, 76 
S^aiii. volcanos in, G 
Spalacutlicrium, Puibetk, 403 
Sp inisli volcanoii, age of, 6(>5 
Sfnitangus ratiialusf ('Ii.iIk, 314 

with Sfrputa attached, 23 

Specie^, antiquity of living, 194 

of Upper and Lower CrutaceoiiR, 342 

of plants common to Older Miocene and flora 

of CKiiingiii 2'i8 

vaiiatioiis ol, 213 

Speeitic gravity of basalt and trachyte, 594 
Spi zia. Gulf ot, calcareous rocks, 750 
Sphau'xochns mima, Siluriiin, 555 
Sph(cruttle» llga^ie^^onnis, Chalk, 135 
SphcMopu’i IS gructliA, Wealdeii, 349 

cntuita, ('arboniferous, 4i)G 

Spicu/a o[ bpunge, Atlantic imid. 318 
Spijijer liigouiihs, S. , Mountain Limestone, 
514 

di^unetus, Devonian, 533 

— inui totiatus, 537 

H'alcolti, Lower Idas, 115 

undulatus, 458 

Sptiolinn sh'nostonia, Knct'iie, 301 
Spool his furboHitnus, 490 
Spundylus spinosus^ Clialk, 325 
Spong<> in Hint (Chalk), 3‘27 
SpongiHii^ spicnia of, in iripoli, 25 
Spiings, mineral. .SVe Mineral springs 
Stalla, colninnar basalt of, (dU 
Stalactite, onghrof, 123 
Starlish ol Liwer Ludlow, 552 
Mautut uyitattgfornnsy Silurian, 511 
.Steiio, on classification ot rocks, 87 
Steiengnaihus described, 40G 
Sternberg la, structure of, 474 
.Sligiiiaria III coal-ini'abiircb, 1G5 
Jicuuiea, t*oil, 473 

— .ind Sigiilarta^ 473 

SI II ling Cattle, rock of, altered by dike, G08 
Stiper-btones group, 50.1 
Sto(kw4-rk, aHsciYibUge of veins, 759 
Stoke'-, Mr., on p. trilaction, 43 
Moiiu weapons at Geneva, 111 
stoneBlield slate, composiiiuii and fossils, 402 
Strata of K son, *292 

arraugvinent of, determined by fossils, 21, 22 

— — coiiso idaiion of, 31 
— - coDtortioiis of, in ('yclopian Isles, b52 

ooutorteil, in drilt, 15.5 

— p- curved and vertical, 47, 58 
— « elevation of, above the sea, 4 1 
— — loBilllferous, tabul.ir vu-w of, 102 
— • boriiontality of, 15, 45 
— "* lufraliassic, of Anstiian Alps, 433 
Lacustrine, of the Cuntal, 2^7 
Lower Miocene, of F.iigland, 237 
— — Lower Miocene, ol Kraiice, '21 •> 

— * meCamorphic origin of, 728 
mineral cuniposilton of, 10 

— Miocene, ol luily, 244 
Miocene, ol Heiginin, *234 

Miocine, of Bordeaux, ‘230 

Miocene, of rr.inee, '2 0 

Miocene, of Switzeiland, 216 

— — Newer Pliocene, of KngJaud, 105 

Older Pliocene, of England, 199 

— . outcrop of, TiG 

— Fu^l•plioccne, l(i7 

proiniiience of harder, 3C2 

Recent, 107 
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Strata, Silurian, of F.iirope, srs 

Subapennine, ‘200 

table of New York Devoiiidn, 539 

•: — term drflnetl, 2 

— Upper Miocene, of Ger«, 231 
Stratiflrntion, iiiiconforinable, (iO 

formi of, 13, 16, 47 * 

. unronformable, 59 
StriiP, production of, 139 
Striation of rocks, 139 
Strickl.ind, Mr., on Posidnnia mlnuta, 440 
S>nke, term explained, 53 
Slrtnfiftcephalut Burtini^ 535 
Stn inboM, lava of, 711 
Strojihomma grandtf^ Silurian, 559 

— deprcssn^ Silurian, 554 

Sirozzi, Marquis, on Upper Miocene Flora, 2'*S 
Structure, columnar and globular of volcanic rocks, 
610 

jointed, of metamorphic rock.<i, 7S9 

metamorphic origin of, 734 

Studer, M., on gneiss of Jungfrau, 75‘i 
—— on boulders of Jura, 141 
Suhapenninw strata, 206 
Subdivisions of llembridge beds, 260 
Submergence of North America, 164 
— — and re-elevatlon of land in Scotland, 152 
Siicces'iion, order of, in metamorphic rocks, 754 
Succinea ampfiihia, 29 

I'longata, Khine, 119 

Sui'ss, M., on Hallstadt fossils, 434 

on Koessen beds, 433 

— - on Vienna basin, ‘242 

Suffolk, crag of, 195, 199 

Supcrga, near Turin, tertiaries of hill of, 207 

Superior, Lake, marl in, 36 

Supc rpesition of aqueous deposits, 97 

— — of ('a alonian rocks, 666 

—— test of age of volcaiile roek«, 644 

SupracrctacHous, term detined, 99 

.S’lif scrofa, molar of, 131 

Sussex marble, 346 

Swnnage, fossil mammalia found at, 3R0 
Swansea, coal-me.*isnres ..t, 465 
Sweden, Cambrian of, 576 
Swiss pile>d well mgs, 110, 111 

— J'ira, structure of, 55 

Swiizei 1.11111, age of metamorphic rocks in, 751 

lake-terraces of, 120 

— — lake-dwelling*, IIQ 
Miocene str.Ua of, ‘246, 264 

— fossil plants of Lower Miocene of, 258 
Sydney roal-fleld. Cape Dreton, 4HG 
Syenite, rorm.ition of, 699 

Syenitic granite, 7U0 
gneiss, 727 

Sjmoiids, llev. W. S., on Moel Tryfoen shells, 156 
Synclinal line, term defined, 48 


tPABLE MOUNTAIN, strata horlEonlal In. 45 

granite veins in, 703 

Table of fo<sil veitebrata, 5'<3 

from Portland-stone to Lower Greensand, 390 

of Devonian senes, 532 

of French Eocene strata, 295 

of Limburg beds, 235 

— of New York Devonian strata, 539 
— _ of Silurian rocks, .547 

— of nilnerals analysed, 602 

of Cambrian and Laurentian strata, 571 
of Eocene formations, England, 279 

of fossil mammalia older than Paris gypsum, 385 

of foBsilirerous strata, 101 

of Permian strata, 456 

Tabular view offossillferous strata, 102 


TRA 

Tails of homerercal and hcterocercal Ash, 459 
Talcose granite, 700 
gneiss, 7*27 

— gneiss granite veins, 705 
schist, 727 

Tarannon shale, thickness of, 5.56 
T.irtarct, cone and lav:i-currciit of, 681 
^Teeth of extinct mammalia, 13.1—135 
Teleostei, term explained, .530 
Tellina obhqun, Norwich crag, 196 
— — proinna^ Scotch drift, 154 
TitHnechinug cxcavahUt Coralline crag, 203 
Temnoplewrut excavatus, 203 
I Toneriff**, view of Peak of, 637 
! TentacttltU'S annuiatWt Silurian, 557 
Tephrine, 601 

Tercbdlum iopita (Seraphs convofutum)^ 285 

fusitorme^ Barton, *285 

Ten hr a tula pot recta y 535 

— dfgona, Bradford clay, 402 
sdlay 342 

— camctty Wliite (Mialk, 3‘24 

fimh>ia. Inf, Oolite, 409 

hfiitata, .515 

IVilsonty Aymestty, 551 

Tercbratulata biplicatny Cretnccsoiis, 325 
TerebratuHna striatay White Ciialk. 324 
Tert'b)tn)st)a lyra^ 329 
Tt red/na personaia, fossil wood hor- d by, 2’ 

Teredo navatis boring wood, ‘24 

Tei tiary fvrmalwnSy class^catwn ofy 177 

term dcHiied, IKO 

— of Haris, 295 

I — volcanic n»cks of Auvergne, 680 
Termites t>f (Eningen, 255 
'IVrra del Fnego, cl.iy slates of, 746 
Test.n'ea ol plastic tlays, ‘294 
Tete d’Homine, Aiutclcys, 352, 3'’3 
'IVxa*, chalk in, 337 
Tinillogens, teiin explained, 331 
Thantnastrira, (Jural rag, 396 
Thanet sands, 295 
Thn odo7ilosuunts, tooth of, 444 
Thecosiniiia annularis. Coral rag, 306 
TheloduSy shagreen sc.iles of pl.icoid iish, 549 
Thickness of Luiirentian roeks, .578 
Thirna, M , on Oolitic group, 427 
Thiuupson, Dr., on nunimulitcs of Thibet, 305 
Thunn.iiin, M., on antecliiial ridges of Jura, 3t>4^ 
cited, 55 

— on Bernese Jura Oolite, 401 
Tht/larofhenutii PreeosHi, Valenc., 404 
Tflestoncs of SiUiiian strata, .518 
Tilgaie Forest, remains in, 347 

Till, described, 136 
Tin, whence obtained I y ancients, 112 
veins, age of, 770 
Toadktone, 601 
Tongrian of Dumont, 235 
Tot' II, Dr. Otto, on icebergs, 144 
Toiirame, f.iluns of, '211 
Tournoiier, M., on Lower Miocene shells, 2.10 
. Trachyte, .593, 601 
— . porphyry, 594 
Trachytic lava, age of, 6.50 
— — tuffs of ALtdeira, 646 
Tr.insition, term explained, 89 
Transverse vallej s, 360 
Trap, term explained, .587 
between limestone and shale, Durham, 6t 8 

— dike, intercepting strata covered with allu 
vium, 614 

dikes, 603 

intrusion of, between strata, 609 

— o( New Bed Sandstone period, 689 

— passage of granite into, 700 
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TRA 

Trap, relation of, to active volcanic products, 013 

rocks, name and origin of, S87 

spheroidal, of Madeira, 046 

— tuff, .W?, Wl 

veins in Airdiiamurclian, 0 )4 

Trappean rocks, R8 
— relation to lava, 013 
Trass of Lower Eifcl, 076 

— term explained, <K)1 
Travertin, ho v deposited, 34 

— iiiferieur, 3n0 
Tree-fern from Brazil, 407 

from hie of Bout bon, 407 

Tree, fos.fl, oblique in Coat. 481, 481 
Trees, erect, in Coal, 477, 4K0 

Tremadoc slates, fossils of, 671 ^ 

Trenton, limestone fossils of, 607 
'J'iczza beds of clay and lava at, 061 
Tiias of United States, 448 

noinencI.it ure of, 430 

— — in Cheshire and L.incastcr, 441 
■— subdivisions of, 4 10 
Tiia..sie ftroup in Knf;laiid, 438 
Tnronodon in Middle Purbeek, 383 
Trt^onelhfrs loins, Kimmernlge clay, 3M 
Trifionta caudata, 34 ‘J 
—— gthhusa, Porllaiid-stone, ,302 
J'rigimorarpum ovalnm, 47.') ; T. olivic/orme, 476 
Tiigonoheta undulata, 468 
Trilobiies of priinoniial zone, 576 
— in Devonian strata, 533 
» 111 (Jambiian, 500 

metamorphosis of, 575 

Trilocnltna lujiata, Uocone, 301 
Trimmer, Mr., on shells of Moel Tryfaen, 158 
on contorted strata, 160 
on sand-galls, H2 

Trmuchus concentricus (T. ornalus), Trinuclcus 
Cinactaei, 5.59 

7V wnyr, carapace of, Bcmbndge, 280 
'J'ripoli composed of Dialoniacea', 24 
Tristram, .M., on siibineig- iice of S.iharu, 175 
Ti oc/wrei as gtgantcum, Silnriuii, .5 52 
Tmphon clathrntuvi, Clyde drift, 1.53 
Tuffs of I'cliia, 18H 

volcanic and trap, 0, 597 

of Loner Llaudcilo, 502, .604 
(IcNcrihed, 001 

1'iioiney, Mr , on burr-stone strata, 309 

Tupaia Tana, Oolite, 405 

'I'uMier, Dr., on chemical decomposition, 41, 42 

Turnhtes costaius, ('lialk, 324 

Tuiniella tnulff^ulrata, 2S8 

Tuscany, springs Ir.nn sjieiit volcanos, 760 

Older Pliocene voleaiiic rock-, of, COO 

Tyndall, Dr., on slate cleav.ige, 713 
Tynedale fault, Ot 
'ryneinoiith cliff, liiiiestonc iit, 4.67 
Tyrol, junction of plulunic ro.ks with Oolitic 
strata, 710 

Typhis pungens, Barton cKiy, 286 

■fTNCON FORM ABLE stratification, fio, 61 
Underlying, term applied to gr.iiiite, 7 
Unger, Prof., on Planera Hich.irdi, 203 
on Miocene Atl.iiitis, 200 

— on Miocene plants ot Croatia, 24 i 
on Swiss Miocene, 240, 254 

Ifngulite or Oholus grit of Russia, .666 
Unio hltoralis (recent }, 28 

— laldeusis, 318 

United S ates, Knceiic strata in, 306 
Cambrian strata of, >670 

— cretaceoim rneki of, 3.30 

coiil-lields of, 49.1 ' 


VOL 

United States, Devonian strata of, 539 
Lower Miocene of, 270 

Older Pliocene and Miocene formations In, 274 

section of geological structure of, 494 

Silurian strata of, 565 

Trias of, 448 

Uj^stratificHtion of Nile deposits, 118 
Upheaval, theory of violent, considered, 715 
— — of oalileras, thtMiry ol, 028 
— of the Weald, 364 
Upper Greens.iiid, 828 

Miocene sea in area of Downs, 369 

Val d'Arno, newer Pliocene strata of, 19-6 

Upraised marine strata In S.irdiiiia, 121 
Upsahi. erratics on modern marine drift near, 150 
Ural Mountains, quartz veins of, 770 

gold of, 709 

Vrsus spelam, molar of, 135 
Urvillc, Capt. d', on size of icebergs, 146 


y Al. DI NOTO, inlan 1 cliffs In, 76 
» — volcanic formations ol, 058 
— — igneous rock of, 614 
“•Vdlloys origin of, 70 * 

transverse, of Weald, 360 

Valorsme granite, 704, 705 
Valvata, Pleistocene, 29 
Vanessa Pluto, Croatia, 243 
Vegetation of Middle Eocene period, 298 
— — of Devonian period, 542 
Veins, granite, roikt altered by, 702 

mineral. 5Vc Mineral veins 

— — chemie.il deposits in, 706 
Veinst 'lies in parallel layers, 763 
I Velay, volcanic formations ol, t)H5 
I Venerufirdia planieosta {cardita planieosta), 280 
! Venetz, M , on Alpine glaciers, 142 
j Venltitulifes radiatus, (7halk,.T27 
j Venieiiil, M.do, on Permian flora, 460 

on gl.icial drift of Russia, 149 

on Lower Silurian, United States, 567 

Vertebrata, absence of, in oldest fussiliferous rocks, 
5K0 

absenc’ of, in lower rocks, 580 

fossil, progress of discovery of, .683 

Vesuvius, Newer Pliocene beds of, 189 

age of l.ivas of, 65l 

dikes of, 6.66 

depth of crater of, 6.36 

VirentiD, columnar bas.ilt in, 612 
Vicenii, basaUic column near, Cl 2 
Victoria Land, erratics of, 140 
Vienna basin. Upper Miocene of, 241 
View of volcano^ of Olot, 001 

of lava current of Clialuzct, 083 
——of Isle of Cyclops, 6.62 

ol Gemunder Maar, 073 

Virginia, coal field of, 448 

Miocene strata of, 275 

Virlot, M., on eurrosion of rocks near Corinth, 733 
•— on cretaceous traps of Greece, 088 

— on inland cliffs, 73 
volcanic dikes, 0 

— mountains, form of, 5 

Viterbo, Older Pliocene volcanic rocks of, 006 

Vitreous lava, 601 

Vo'canic rocks of Olot, 059 

breccia, .697, .698 

— - cnrboiiilerniiB rocks, 689 
— dike at i^t. Helena, 610 

dikp.>i of S oily, 191 

Poceiie rock, 687 

formation ol Val di Noto, 658 

— mountains, fonn, structure, and origin of, GIG 
mountains, form ut, 010 
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Volcanic rocks, synonyms and mineral composition 
of, m 

rocks, fiR7 

— rocks of Anrerfinc, 077 
rocks, Cambrian, GOIi 

— rocks, Cretaceous, Oolitic, and Lins, CM 
— — rocks, columnar and globular structure .of, 
CIO 

_ rocks, Laiirentlan, 003 

— rocks, stnictiire of, 610— G12 
rocks, Silurian, 602 

luff, 6. 097, 601 

Volcano of Huy de C6mp, 6H2 

— of Verignjtt, height of, 635 
Volcanos, extinct, H 

— of Auvergne, 677 
of Caiiarieti, 621 

^ of Java, £19 

of Sandwich Mes, 616 

f'ollzia hitrrophi/lla (brevifoUa)^ 437 
Volume of hidden plutouic rocks, 714 
X Volutn Lambfrti, T<iuraine K.-iluiis, 213 

amb'gua. Barton ola}', 2H5 

— tttkletat Ba'toy, 265 

Lambert}\ Coralline and Red crag, 203 
-^nodosa, llighgatc,2!ll 

St:l\rit'nsii, 268 

Von Biich, on Caldera oT Palma, 627 

on land rising 45 

on Silurian plutonic rocks, 717 


WACKH, 601 

'' Waol, M. de, on testacca In Antwerp crag. 205 
Wagner, M ,jon Mio<’ei'c of (*reece, 245 
Walchia piniformts, Permian, 461 
Wales, glaciation TiS 
Walker, Ur., on Sequoia, 260 
Waller, quoted, 89 
Wallicli, Dr , on Atlantic rand, 318 
Water, action of, in distributing heat, 734 
Waterhouse, Mr., on Tvpniti Tmuty 40') 

Wat', Mr. (Jrogory, on cooling of metals, 656 

on liisioii, 731 

Waves, action of, on limestone, 78 
Weald, mail to illustrate denudation of, 356 

valley, demidation of, 355, 3))5 

Wealdcn furmatiniis, 343 

term expl.iined, 363 

— — area of Iht, 349 

plants and animats of. 331, 347 

theory of fracture and iiphe.ival of, 364 
Webster, Mr. T., on tertiary strata, 181 
on Headon series, 282 


ZXJE 

Wpjsstein, term explained, 700 ' . 

Wellington Valiev caves, 126 
Weiilock formation, fossils of, 553— 556 
— limestone, 553 

shale, fossils of, 55.5 

Wcrfcii beds, composition of, 433 
WTerner, on classllicatlon of 'ocks, 87 

on plutonic form 'lions, 758 

W'esterwald, igneous rocks of, 672 
5Vesiwond, Mr ,on Lias beetles, 426 
Wexford, veins of cupper at, 768 
Whinstone,601 
White Chalk, 12 

Mountains, centres of erratic dispersion, 166 

sand of Alum Bay, 12 

8 inds and Barton clay, 284 

Wigharn. Mr., on jaw of Mastodon, 107 
Williamson, Prof., on calainiies, 4/0 
Wuud, fossil nod recent, perforated by mollusc.'i, 
24 

fragment of, in Ll.is, 426 

Wood, Mr. Scriries, on fish of Headon series, 283 

on Voluta Laml.erH,2l3 

Woodsto**li, hone of reptile lound at, 403 
Woodward, i)r, S. P., tables on marine tebtacea, 
204 

on Bridlington fo^^sils, 108 

on llalKtadt fos-IN, 4*4 

— — on Madeira and f'anari.m shells, 668 

Woodwauha Itvssneriana^ Lower Miocene, 256 

W’onjliope limestone .md grit, 5.56 

Wrekm, trap of, 70 

Wright, Dr., on xones of Lias, 414 

on llcudon series, 2R3 


VIPJIOnoy CIlACn.E {Anoplotheritim gro- 
n/c), /98 

Xylohiui, Sigillarite, Coal, .509 


Y ellow C*IIAG, recent species in, 206 
Yorkhlilre Oolite, plants ut, 407 

^AMIA SPIHALIS, Australia, 388 
Zechstcio, 4.56 

7,f'if>lod<m ectuMes^ Owen, 308 
Ziegler, M.. on M.ii>todi>n angu8tidcn8,2.54 
Zoantharia rrproosa, 512 

iwgesff, .511 

Zones, BiirepBsive, of Lia«, 414 

Zoophjt' s, fossil, 22, 191, 276, 396. 511, 534,654 

Zurich, lake-dwellings in Lake of, 110 
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